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EDITORIAL[COMMENT AND NEWS. 

Mr. Schwab was once credited with the statement, ‘“Educa- 
tion is an impediment to success.’’ Agreement with this comment 
will be more general if it is amended to read: ‘Some kinds of 
education are impediments to certain types of success.”’ School 
administrators sometimes prefer teachers with the bachelor’s 
degree rather than those with higher degrees. Why spend the 
extra time and money just to acquire an impediment? If these 
administrators are right, something must be wrong with the 
education of teachers. 

It is rather common in the great universities, where many of 
our secondary school teachers are trained, to find the science 
departments on speaking terms (by long distance) with the 
education department. One science department instructs its 
students to take the required methods majors early in their 
courses and thus get them out of the way and off their minds, 
and the education department counters with a requirement that 
the prescribed methods courses be taken in the senior college. 
Too many university teachers entrusted with the education of 
secondary school teachers do not realize that there is any such 
thing as a teaching problem. On the other hand a well-known 
college teacher of mathematics methods courses recently ex- 
pressed the hope that the time would soon come when all teachers 
of methods courses would be teachers with actual secondary school 
teaching experience in those subjects. Certainly at present 
there are too many teachers of methods courses who have 
neither sufficient background of teaching experience nor of 
actual knowledge of subject matter. When the teacher train- 
ing institutions have removed these inconsistencies the colleges 
will have better grounds for criticizing the product of the secon- 
dary schools. 
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THANKS TO OUR CONTRIBUTORS. 

Teachers sometimes wonder if their efforts are in vain. So 
often the results of teaching and the teacher’s influence are never 
known. Likewise those who write for publication seldom know 
what real use is made of their articles. Apropos to this condition 
we quote the following extract from a communication recently 
received by a member of the editorial staff: 


“The official organ of our Association, to my mind, is an outstanding 
publication for the purpose it is intended to serve. At the present time 
I am giving a course in ‘The Teaching of Science’ in our Gaede College. 
In gathering together materials on the ‘Aims of Science Teaching,’ The 
Building of Curricula, ‘Methods of Science Teaching,’ and ‘Tests and 
Measurements of Science Instruction,’ I find that I am relying almost 
altogether on the issues of ScHoo.t ScleNCcE AND MaTuHematTics. Without 
the issues of this periodical I am sure that hundreds of young men and 
women in our Colleges, who are preparing to teach science in the ele- 
mentary and secondary schools, would not go into the schools with as 
good a knowledge of the problems of science teaching as they have from 
pondering the articles in ScHoot Science AND MATHEMATICS. 

“Tt just occured to me that a word of appreciation to those who are 
responsible for the monthly issues of this periodical would do no harm. 
It might be a new encouragement especially when presented by someone, 
who at the present time is daily directing his students to the current 
and past issues of ScHoot ScreENCE AND MATHEMATICS.” 

Frep T. ULiRicaH, 
State Teachers College, Platteville, Wis. 


Professor George W. Myers will retire from active teaching 
in the University of Chicago on July 1. In this case retirement 
from teaching does not mean giving up educational work. It is 
another graduation. He will now devote his entire time to 
authorship and editorial work. We hope to publish many more 
of his practical articles on the teaching of mathematics. He is 
the only member of our editorial staff who has been on the staff 
from the beginning nearly thirty years ago. 


The following communication was received just after our 
May issue went to press: 

“American Book Company announces with deep sorrow the 
death of Louis Briggs Lee, Vice President and Director of the 
Company and Managing Director of the Chicago Division, on 
Thursday the twenty-fifth of April, Nineteen Hundred and 
Twenty-nine.” 

We join with the other many admirers of Mr. Lee in expres- 
sing our sorrow. It is such men who have helped to give the 
American Book Company its enviable reputation as a_ publish- 
er of high class ‘textbooks. 
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“WHAT ARE THE CHANCES THAT——’’ MORE COMMENTS. 
Oakland, Calif., April 16, 1929. 
Editor Scnoo. ScieNCE AND MATHEMATICS, 
7633 Calumet Ave., 
Chicago, Ill. 
Dear Sir: 

I have just read your interesting article by Dr. Thornton C. Fry en- 
titled ‘‘What Are the Chances That—’’ 

In regard to Dr. Fry’s discussion of the chances that Peary reached the 
North Pole on Sunday, I wonder if he has considered the full possibilities 
of that illustration. 

What he says would be perfectly true at any point on the earth’s sur- 
face other than the Poles. But does it really apply to the Poles them- 
selves? 

As all meridians meet at the North Pole, it is any time of day there and 
consequently time is purely arbitrary. 

Now Sunday begins as the 180th merdian crosses the midnight line, 
and it will be Sunday somewhere on the earth for the ensuing 48 hours, 
and, as the North Pole has the.same time as any meridian, a person 
standing on the Pole may consider Sunday to last for 48 hours, or, if he is of 
an irreligious temperament, he may skip Sunday altogether and have his 
Saturday last for 48 hours, to be immediately followed by Monday. 

In other words, as time is arbitrary at the Poles, Sunday may be con- 
sidered as lasting anywhere from 0 to 48 hours at the will of the person 
standing there, although each of his associates standing but a few feet 
away has his own definite day and time of day. 

In conclusion, it seems that the probability that Peary reached the 
North Pole on Sunday instead of being 1-7 is anywhere from 0 to 2-7. 

Respectfully yours, 
Water A. STarrorp, 

Head of Mathematics Department, Oakland High School. 





EVERY SUBSCRIBER A MEMBER! 

The Membership Committee of the Central Association of 
Science and Mathematics Teachers urges all subscribers to 
ScHOOL ScrENCE AND MATHEMATICS to become members of the 
Association. This can be done with no additional cost, merely 
by requesting membership when subscriptions are renewed. 

The committee urges all members to spread information 
concerning the Association, and to secure new members among 
their associates. Interest in an organization can best be created 
through the enthusiastic support of its members. Here is an 
opportunity for every one to serve! 

The committee now actively at work with membership 
problems is composed of the following: 

Illinois—Miss Dorothy Huebner, Chicago; Mr. C. N. Mills, 
State Normal University, Normal; Miss Lillian Montgomery, 
Elgin High School, Elgin. 

Indiana—Mr. Walter H. Carnahan, Shortridge High School, 
Indianapolis. 
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lowa—Mr. W. E. Beck, High School, Iowa City; Mr. D. D. 
Pettit, Cedar Falls. 

Kansas—Mr. B. W. Traesdell, High School, Wichita. 

Michigan—Mr. R. R. Jared, Cass Technical High School, 
Detroit; Mr. Edwin W. Schreiber, Ann Arbor; Mr. Charles C. 
Spooner, Northern State Normal School, Marquette. 

Minnesota—Miss Vera F. Barrows, High School, Virginia. 

Ohio—Mr. G. A. Bowden, University School, Cincinnati; Mr. 
Walter Frye, Central High School, Akron; Mr. N. A. Neal, 
Patrick Henry Junior High Schoc’ “Cleveland. 

Pennsylvania—Mr. M. G. Schucker, Peabody High School, 
Pittsburgh. 

Tennessee—Mr. M. F. Stubbs, Tennessee Wesleyan College, 
Athens. 

Wisconsin—Mr. Fred E. Nicolai, Milwaukee; Mr. M. J. W. 
Phillips, High School, West Allis. 

Vitta B. Situ, Chairman, 
School of Education, Western Reserve University, Cleveland, 
Ohio. 


A BOYLE’S LAW APPARATUS OF IMPROVED DESIGN. 
By W. L. KennNon. 


Corrections and further explanation of Data Sheet, page 378, 
April issue SCHOOL SCIENCE AND MATHEMATICS. 

Scale reads 0 at top and 80 ems. at bottom. 

(A+B), should read (A—B) or (B—A). When A is numerically 
greater the difference (A—B) is given a minus sign to indicate 
that it is to be subtracted from the barometer reading. When 
the reading B is numerically greater the difference (B—A) is 
given a plus sign to indicate that it is to be added to the 
barometer reading. 

(C+D) should read (C—D) or (D-—C). When C is greater 
the difference (C—D), according to the previous convention, 
takes a plus sign, and when D is greater, (D—C) takes a minus 
sign. 

In representing the data in the Table the two manometer 
columns were combined, paying attention to sign, and the result 
added to or subtracted from the barometer reading as the sign 
indicated. H in the Table represents this combined or resultant 
manometer pressure, and has no reference to Fig. 2. 
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THE DRIFT OF JUNIOR HIGH SCHOOL MATHEMATICS.* 
By Mary A. Porrer, 
Supervisor of Mathematics, Racine, Wis. 

For many years the Good Ship 7th, 8th, and 9th Grade 
Mathematics was securely anchored in the calm harbor of tradi- 
tion, which is a refuge in the ocean of education. The cargo 
was stowed away in two water-tight compartments—the larger 
one, for grades 7 and 8, was filled with arithmetic; the smaller 
one, for grade 9, was loaded with heavy algebra. It was not 
until 1902 that Professor Moore in his justly famous inaugural 
address before the American Mathematical Association cut loose 
its moorings; but storms were needed to start it drifting. There 
arose a storm of protest against the large per cent of failures in 
algebra; a normal 20% casualty rate was considered too high. 
There was another storm of protest against the doctrine of formal 
discipline in which the value of teaching of all mathematics was 
assailed. The storm of measurements in education changed 
the drift of the Mathematics Ship. The value of parts of the 
cargo was questioned. They were weighed and found too heavy 
or too bulky for the room they occupied or of insufficient value, 
and many items were thrown overboard, such as partial pay- 
ments, bank discounts, and complicated fractions, both algebraic 
and arithmetic. 

Then the junior high school movement in the ocean of educa- 
tion came with astonishing force and so greatly influenced the 
Good Ship Mathematics in Grades 7, 8, and 9 that it was re- 
christened by many, Junior High School Mathematics. The 
course was still further changed by the fact that pupils, who were 
the crew, remained longer in school, due not only to compulsory 
education laws but also to the faith in learning which was one 
of the aftermaths of the Great War. The number of the crew 
has increased almost beyond belief, for figures show that the 
percentage of population attending high schools in 1924 was 
almost ten times as great as that in 1890. The quality of the 
-erew and their increasing numbers necessarily changed the 
amount of cargo and the kind of cargo that could be handled. 
Moreover, the ocean of education, which at one time had floated 
very few boats, has now become crowded with vessels loaded with 
useful knowledge. So the Good Ship Junior High School 
Mathematics has far keener competition to maintain its place 
than in former years. 


*Read at the Mathematics Section Meeting of the Central Association of Science and 
Mathematics Teachers, Dec. 1, 1928. 
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Leaving the simile,—although a radical change in the teaching 
of mathematics was advocated in 1902, little constructive work 
was done which affected many schools, until about the time of 
our entrance into the World War. Formal algebra of the 9th 
grade was the subject most severely criticized and hence was the 
first to receive attention. 

Pioneer 9th grade text books, such as Breslich, Rugg-Clark, 
Schorling-Reeve, which determined the new mathematics 
courses taught, varied somewhat in content but had many points 
in common. They attempted to gear the course to the lesser 
ability of the average present day 9th grader, remembering as 
someone has remarked, ‘‘Parents send their children to school 
to be taught, not to be failed’’; and they attempted to introduce 
the pupils to subject matter that would prepare them for life, 
rather than for college. With these aims in view many algebraic 
topics were postponed which were not only difficult but whose 
practical value was at least debatable. These included overlong 
exercises in multiplication and division, factoring beyond three 
cases, removing involved nests of parentheses, cube-root, difficult 
radicals, and literal equations, except those found in formulas. 
The idea of function became the background of the year’s work; 
measurements and constructions were added which made use of 
the measuring instruments of mathematics—the protractor, 
compasses, the transit, and the meter stick, as well as the yard 
stick, which in turn led to simple and practical facts of geometry 
and trigonometry. Proper use of the results required teaching 
of elementary statistics and a new kind of graphing. 

This general course fulfilled the wishes of its designers; the 
pupils were able to grasp the more simple mathematical ideas, 
and they liked it, for we all like to do what we can do well. 
They absorbed some practical mathematical facts and often had 
their curiosity excited in anticipation of the more difficult work 
to follow. 

For some years educators had been questioning the efficiency 
of our traditional 8—4 organization. They criticized the high 
school as a descendant of the private academy that had inherited 
the fault of attempting to give its students merely formal train- 
ing in narrow college preparatory subjects instead of a broad 
training for life. They viewed with alarm the general exodus 
at the end of the 8th grade when students considered themselves 
educated and the still more alarming exodus during the 9th 
grade when the pupils were unable to adjust themselves to the 
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different conditions of high school life. To remedy these evils 
they evolved a new form of organization—an elementary school, 
usually consisting of six grades, devoted to teaching the tools of 
education; and a secondary school, usually of six years, which 
might be divided into an intermediate or junior high school 
which would be an exploratory period in various fields of knowl- 
edge; and a senior high school in which would be offered advanced 
elective courses in those fields of knowledge both vocational and 
academic. 

School systems adopted this secondary school organization 
in a variety of forms, at first fearfully, then so greedily that in 
the four years between 1920 and 1924 the number of pupils in 
such schools increased 927%. 

Since the purpose of the junior high school is so closely in 
sympathy with the new aims in teaching mathematics, the 
junior high school organization has been a great impetus in chang- 
ing the work in the 7th and 8th, as well as the 9th grades. 
There is no magic in the 6—6 or the 6—3—3 type of school, and 
nothing can be done in it that cannot be done in the 8—4 school, 
yet facts show that a greater modernizing of the courses has 
taken place in schools of the newer type. 

Most important, of course, is the type of teacher attracted to 
the junior high schools. The one-time ideal 7th and 8th grade 
teacher was an unusually good drill master; the ideal junior 
high school teacher is a companion, sympathetic with adolescent 
youth and happy to lead them on the adventure of exploring 
new fields of knowledge. She is better trained in both general 
education and in mathematics, and since she is often on the 
same salary schedule as the senior high school teacher if she 
has had equal training, she may have her bachelor’s or master’s 
degree. 

In a study recently made at the University of Minnesota, 
by Miss Alma Gaardsmoe upon “The Present Status of Mathe- 
matics in Grades 7, 8, and 9,”’ some significant facts were re- 
vealed. Miss Gaardsmoe finds that only 70% of the schools of 
the 8—4 type have teaching departmentalized in the 7th and 8th 
grades; nearly all of the junior high school type have special 
teachers for the different subjects. There is no question but 
that departmentalization yields better teaching. The teacher 
picks the department in which her chief interest lies—none of us 
is deeply thrilled with the whole range of junior high school 
subjects, and formerly an excellent English teacher was forced 
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to waste part of her ability teaching arithmetic. There is op- 
portunity for better daily preparation in one field of knowledge 
than in half a dozen subjects; and since in departmentalized work 
a teacher usually has classes in more than one grade, she has of 
necessity a better idea of the pupils’ mathematical background 
and the development of the course. The selection of subject 
matter is usually quite different in the new type schools as is 
shown in the various excellent series of junior high school texts 
that have been published in the last few years. 

According to Miss Gaardsmoe’s findings, the typical present 
day 7th grade arithmetic course is no longer wholly arithmetic 
but now contains about 85% arithmetic and 10% geometry with 
a bit of algebra and statistics. The junior high school course for 
the 7th grade, however, contains about two-thirds as much 
arithmetic, nearly four times as much geometry, and some algebra 
and statistics. The geometry in the course called “Arithmetic” 
is usually mensuration, while the general mathematics includes 
the additional topics of construction, intuitional geometry, and 
an appreciation of geometric forms. The arithmetic in both 
types of courses is quite similar—a review of the fundamental 
operations in whole numbers, common fractions, and decimals; 
percentage; and simple applications of percentage to interest 
and business of the home. 

The 8th grade ‘‘Arithmetic’’ course agrees with its predecessor 
in the 7th grade in devoting 85% of its time to arithmetic, and 
the junior high school mathematics again spends two-thirds as 
much time on it. The time gained in general mathematics is 
divided between geometry and algebra with a glimpse at nu- 
merical trigonometry and a bit more work on statistics. The 
arithmetic is similar in both types of schools; obsolete topics are 
omitted, and the majority of the time is spent upon phases of the 
arithmetic of business, such as commercial paper, thrift, invest- 
ments, taxes, and insurance, once called applications of percent- 
age. The algebra presented in the general mathematics course 
is usually the equation, ratio, and proportion made necessary 
in the solution of similar triangles, with perhaps positive and 
negative numbers at the very end of the semester. Scale draw- 
ings, the Pythagorean theorem, similar and congruent triangles, 
are among the geometric facts presented. The trigonometry is 
limited to numerical work with two or three functions. 

The 9th grade algebras include little besides algebra; although 
a small amount of arithmetic, statistics, geometry, and trigonom- 
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etry may be presented. The 9th grade general mathematics 
texts offer a predominance of algebra also, but the method of 
treatment is usually different. 

A contribution to literature on the selection of subject matter 
for junior high school mathematics was made by the Committee 
of the North Central Association of Secondary Schools and Col- 
leges in a report issued last spring. The valuable report is de- 
tailed and lists in its 23 pages not only what topics to teach but 
the year in which they may be taught to the best advantage. It 
also suggests standards of difficulty that the pupils should be 
able to reach in the different grades. 

The arrangement of subject matter in junior high school 
mathematics is psychological rather than logical. May we 
illustrate it by the changed approach to algebra? In the 9th 
grade we began our manipulations with a and logically played 
all the tricks we knew how with a. We said, ‘Children, a is no 
longer a letter but a number.’”’ Before they recovered from the 
shock of this transformation, we proceded to introduce a nega- 
tive a which was far less than nothing to the pupils. We hurried 
to perform the fundamental operations upon it and its negative 
twin, we squared it, extracted its roots, and even solved for it in 
equations while the pupils followed us obediently, imitated us, 
and wondered mildly what it was all about. In the new method 
of teaching, a is introduced early, usually in the 7th grade, not 
a letter plucked from the dictionary, but a symbol we need to 
shorten the rule we have developed for finding the area of a 
triangle. By introducing algebraic symbols as a formula we 
need not teach the pupils that algebra is shorthand; the fact 
that it is generalized arithmetic is self-evident and needs merely 
to be pointed out. The newly found symbol is used to advantage 
in other formulas, usually derived from the very tangible geo- 
metric figures. When this idea of using a general letter instead 
of a number has had sufficient use to make it a habit and suffi- 
cient time has elapsed for it to soak in,—possibly a semester,— 
a new difficulty, the simplest of equations, may be introduced 
when the necessity arises. A semester or two later the great 
difficulty of positive and negative numbers may be presented. 
Thus the fundamental difficult ideas of algebra are introduced 
at long intervals and at a time when the pupil is convinced that 
if he masters this new difficulty, he has found an economical way 
of handling a situation. 

If we wish to think of algebra as a tool subject, we should 
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introduce it as a tool, show that it is useful to use in a given 
situation, and explain how to use it in that situation. This is 
not done if the subjects of mathematics are taught in separate 
compartments. It would be the same as if we introduced our 
pupils to the hammer, called it a tool and spent a year showing 
all the tricks we could do with a hammer, from pounding nails 
to making hammered brass, and then at the end of the year put 
it in its compartment in the tool chest with the remark,‘ Now that 
that the hammer is learned, the saw will be studied next year.” 
If during the next year the saw, and only the saw, were used, we 
would find our students pounding nails with the saw. That is 
the system we used when we first taught the mathematical tool, 
arithmetic, then taught the more efficient tool, algebra. It is 
better psychology to teach the proper tool when it is needed and 
when our pupils are able to handle it. 

By omitting over difficult problems and obsolete material, we 
have saved enough time to teach some practical mathematics. 
When I think of how I sweated to teach my pupils to add, 
subtract, multiply, and divide English money, instead of ex- 
plaining the A B C’s of investing American money, how I 
labored in trying to teach the value of the French franc instead 
of impressing them with the value of the American dollar, 
especially if they saved it and kept it for a period of years, I agree 
with many of the unkind critics of our courses in education. 

We now are so accustomed to assembling statistical material 
in a table and graphing it—a dramatic and practical phase of 
junior high school mathematics that all the world is using—that 
we need a jolt to remember the time when we postponed this 
topic until so late in the course that the majority of pupils 
missed it. I had such a jolt when a judge in our town asked me 
if I could make for him a bar graph showing the number of feet 
it takes a car to stop when going at different rates of speed. 
He said that he wanted to use such a graph in the court for 
speeders, he usually had sent to the university when he 
wanted such drawings made, but he wondered if I could do 
it. When I presented him with the graph, he was quite sur- 
prised. When I assured him that our junior high school 
students could do it, he thought I was trying to be funny. This 
incident influenced me to collect some graphs made by our 
junior high school pupils as a bit of evidence that our present 
day course in mathematics is of practical value. 

To make our business arithmetic as practical as possible, we 
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have printed forms of commercial paper, such as bills, checks, 
deposit slips, promissory notes. They furnish an invitation for 
numerous projects in business which become very real to the 
students. 

To paraphrase Bacon, educators have found that some topics 
are to be tasted, others are to be swallowed, and some few to be 
chewed and digested. Or, in other words, there are a variety 
of objectives in the teaching of mathematics, instead of the 
single aim of skill that formerly dominated all our teaching. 
They believe that some topics should be taught for skill, some 
for informational value or to fix a concept in the student’s mind, 
others to establish an attitude. 

Suppose the subject of stocks and bonds is taught for informa- 
tion instead of for skill. The pupils gather together all possible 
information; their source of material is not only the text book 
but the newspaper, the radio, conversation with their parents, 
perhaps. After gathering all the facts they are able to find, they 
have a beautiful time forming companies, selling stocks, bor- 
rowing money for which they issue bonds, declaring dividends, 
and some times even going bankrupt. Compare the lasting 
value that they will get from such activity with the value gained 
from solving ever so perfectly a list of artificial exercises, such as, 
“Find the net value of stock that sells for 151% if the broker 
charges 18% of par value for his services.” 

Attitudes do not just happen; they must be cultivated. The 
habit of checking, the habit of estimating results, an apprecia- 
tion of geometric forms, the cultivation of mathematical con- 
cepts, such as a feeling for number, a feeling for percentage— 
all these were considered by-products of the formal teaching of 
arithmetic, but general mathematics aims to cultivate these by- 
products as valuable assets. 

A vital characteristic of the new general mathematics is the 
method of attack of the subject matter. The course is ex- 
ploratory in method as well as in content. Whenever possible 
the class room or the school yard becomes a laboratory; the 
pupils are given tools and led to make their own discoveries. 
They need much direction, but they are urged to think rather 
than imitate, to reason rather than to memorize. 

Taking the children into the confidence of the teacher by 
letting them know why subjects are taught, letting them discover 
facts for themselves instead of having those facts propounded to 
them, has resulted in a much better attitude of the pupils toward 
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their work. Two of our classes in Racine have shown their 
unusual interest in scrap books which they have compiled under 
the direction of their teacher. These books which are on display 
in the junior high school library contain cartoons, clippings, 
original drawings, advertisement quotations on such subjects as 
thrift, investments, mathematical phrases in literature, the 
history of mathematics, and even mathematical jokes. 

The danger that the pupil will have a smattering of much 
knowledge and a mastery of but little can be averted only by 
drill. The old type course offered an abundance of drill, but 
studies show a disheartingly low degree of mastery. The new 
type of drill must be more economical of time, must be not only 
logically but psychologically planned, must be individual, must 
interest the pupil in his own progress, make him aware of his 
weaknesses, and anxious to correct them. 

Of course all questions of a new method of teaching cannot be 
solved at once—many require experiment and a readjustment 
with other school situations. Among such unsolved questions 
is ‘What shall be taught in the ninth grade—college preparatory 
algebra, general mathematics preparatory for life, vocational 
arithmetic?’’ Then there is a difference of opinion as to what 
courses in senior high school should follow junior high school 
mathematics. This, of course, cannot be solved independently; 
its solution depends partly upon junior high school courses and 
university requirements. Then, what credit will the university 
extend to junior high school courses? The movement to make 
the junior high school an independent unit and base college 
entrance requirements upon senior high school work has received 
favorable attention but has not been accepted officially. 

Although the Good Ship Junior High School Mathematics has 
not yet reached the harbor of perfection, we feel that she is on 
her true course. With alert and far-seeing officers, with the 
unusual cooperation from all on board, we shall see her steer 
around threatening dangers, weather storms of criticism, drift 
safely through the fogs of doubt and questioning, and arrive as 
near her limit—the harbor of perfection—as is humanly possible. 
Bon Voyage! 


TO HELP SCIENTISTS. 

Sigma XI, the society for the promotion of research, is now on its an- 
nual hunt for scientists who need financial help in their studies. Grants 
ranging from $100 to $1000 are available without restriction as to where 
the work is done.—Science News-Letter. 
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THE RAMAN EFFECT. 
By J. Rup NIe.sen, 

The University of Oklahoma, Norman, Okla. 


The most significant advances in physical science in the last 
twenty years have been in the fields of atomic structure and 
optics. We are rapidly gaining an insight into the constitution 
of atoms and molecules and an understanding of the nature of 
light for which no scientist dared hope a generation ago. In the 
last few years several important discoveries have been made 
concerning the interaction of light and matter! Of these, per- 
haps the most remarkable is the discovery made about a year 
ago by Professor C. VY. Raman of Calcutta, India, that light may 
be scattered with a change of frequency. 

This phenomenon had for some time been anticipated by 
theoretical physicists, and its discovery may be regarded as a 
strong evidence for the essential soundness of our modern con- 
cepts of atomic structure. The first to predict the effect was A. 
Smekal.? He showed, in 1923, that when light of frequency » is 
scattered by a gas, the scattered light must contain not only the 
frequency » but also frequencies »+»,, where », is one of certain 
frequencies in the spectrum of the scattering gas. Smekal’s 
considerations were based on the concept of light quanta. He 
concluded that a light quantum impinging on an atom may 
transfer part of its energy to the atom and continue its existence 
with a diminished energy and hence a diminished frequency. If 
the atom already is in an excited state, its excess energy may be 
transferred to the colliding light quantum, the frequency of 
which is thereby increased. The amount of energy transferred 
to or from the atom must equal a ‘difference E’—E”’=h», be- 
tween two of the characteristic energy values of the atom. The 
frequency change will, therefore, be equal to the frequency of a 
line in the spectrum of the atom. In 1924, H. A. Kramers,’ and 
later Kramers and W. Heisenberg,‘ deduced the existence of a 
modified scattering from the dispersion theory developed by 
Kramers on the basis of Bohr’s correspondence principle. 
Shortly afterwards, the existence of the effect was shown by 

1A general discussion of these discoveries was given by the writer in ScnHoo. Scrence anp 
Matuematics, April, 1929 
2A. Smekal, Naturwissenschaften, 11, 873 (1923). 


‘H. A. Kramers, Nature, 113, 673 (1924); 114, 310 (1924) 
‘H. A. Kramers and W. Heisenberg, Zeitschrift f. Physik, 31, 681 (1925). 
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M. Born, W. Heisenberg and P. Jordan’ to follow from the new 
Matrix Mechanics, and in 1926 E. Schroedinger® predicted it 
from the still more recent Wave Mechanics. According to 
Schroedinger’s theory, the frequency », must correspond to a 
“forbidden line’’ i.e., a line which is emitted by an atom only 
under exceptional circumstances. 

The experimental verification of the prediction of the theorists 
was naturally a matter of the utmost importance. Several 
unsuccessful attempts were made before Raman’s discovery of 
the phenomenon a year ago. It is an interesting fact that, 
while the investigators who were searching for the effect failed, 
the discovery of it was made by a man who was in no way guided 
by the theories mentioned above. As we now know, the reason 
for Raman’s success is that he worked with polyatomic liquids 
rather than with monatomic gases, as had the other investigators. 

Professor Raman has for a number of years been engaged in an 
extensive study of the molecular scattering of light. The first 
of the observations which led to the recent discovery was made 
as early as 1921 when Raman and Seshagiri Rao found that the 
depolarization of light scattered by distilled water increased 
markedly if a violet filter was placed in the path of the incident 
light. The same was later observed with other scattering liquids, 
and it was found that the colors of the light scattered from 
different liquids did not match perfectly. In 1923 Ramanathan, 
one of Raman’s associates, concluded that the observed effect 
was not due to a true dependence of the depolarization upon 
the wave-length, but rather to a trace of fluorescence which per- 
sisted even after the highest degree of purification of the scatter- 
ing liquid. Investigations of this ‘‘weak fluorescence’”’ were car- 
ried on in Raman’s laboratory ever since 1923, without yielding 
any spectacular results. However, early in 1928 Raman con- 
ceived the idea that the ‘‘weak fluorescence’? might be ‘‘some 
kind of optical analogue to the Compton effect.”’ This hypo- 
thesis gave new impetus to the work. The following experiment 
was first carried out by Raman and K. 8. Krishnan. A beam 
of sunlight was focused by means of a large telescope objective 
on a pure dust-free liquid contained in a large glass bulb. In 
the path of the incident light was placed a blue-violet color 
filter which absorbed all light of wave-length longer than a 
certain value. The scattered light was observed through a yel- 


5M. Born, W. Heisenberg and P. Jordan, Zeitschrift f. Physik, 35, 572 (1926 
*E. Schroedinger, Annalen d. Physik, 81, 109 (1926) 
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low-green filter. The two filters were complementary, i.e., all 
light transmitted by one filter was absorbed by the other filter. 
If both filters were placed in the path of the incident sunlight, 
no light entered the liquid, and no scattered light was observed. 
However, with the arrangement mentioned, the path of the light 
through the liquid could be seen plainly through the yellow- 
green filter. The liquid must therefore have emitted light of a 
wave-length longer than the longest wave-length transmitted 
through the blue-violet filter. Whether the phenomenon 
observed was due to fluorescence or to a new scattering effect 
could of course not be decided from so simple an experiment. 
However, the fact that Raman and Krishnan were able to 
observe the phenomenon with eighty different highly purified 
liquids, and with several vapors and gases, indicated strongly 
that they were dealing with a universal scattering phenomenon 
rather than with fluorescence. 

This conclusion was verified by spectroscopic observations 
carried out by Raman and Krishnan in February and March, 
1928. The light from a 3000 C. P. quartz mercury arc was 
focused on the scattering liquid by means of a glass condensing 
lens having a diameter of eight inches. The liquid, which was 
highly purified by repeated distillations in vacuum, was contained 
in a large bulb of clear non-fluorescent glass. The scattered light 
entered a small quartz spectrograph or was observed visually 
with a pocket spectroscope. In later work by Raman and Krish- 
nan a larger quartz spectrograph was generally used. Fig. 1 
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is the direct spectrum of the mercury are. The lower one is the 
spectrum of the mercury light scattered by benzol. It is seen 
that the scattered light contains a number of faint lines which do 
not occur in the incident light. By putting in the path of the 
incident light a filter which transmits only a single one of the 
mercury lines, say the line 4358 A, Raman and Krishnan were 
able to ascertain which of the new lines are produced by a given 
mercury line. The new lines were generally of longer wave- 
length than the line producing them. However, a few exceed- 
ingly faint lines lay on the short wave-length side of the line 
scattered without change of frequency. The differences in fre- 
quency between a mercury line and the new lines which accom- 
pany it in the scattered radiation were found to be the same 
for all the mercury lines. These frequency differences rather than 
the frequencies of the new lines are characteristic of the scatter- 
ing substances. The new phenomenon is thus fundamentally 
different from fluorescence.’ 

Raman and Krishnan were now confronted with the problem 
of finding the mechanism by which the new lines are produced. 
They assumed, independently of the theoretical predictions of 
such a phenomenon, that the new lines had their origin in a 
scattering process by which a transfer of energy takes place 
between the light quantum and the scattering molecule. In 
order to test this hypothesis, they compared the frequency 
differences obtained for benzol with the known frequencies in the 
absorption spectrum of benzol. This was done as shown in 
Table 1. In the first line of the table are listed the frequency 


TABLE l. 
vy; 3059 1591 1175 990 S49 606 em" 
d 3.268 6.28 8.51 10.10 11.78 16.504 
Coblentz.3.3 5.5 6.8 8.7 9.9 11.9.4 
Bell aon Be ese 42 8.5 9.7 10.2 11.8. 


differences », (or rather the differences in wave-number per cm.) 
obtained from the scattering experiments. The corresponding 
wave-lengths \ are given in the next line. The wave-lengths 
observed by Coblentz and Bell in the infra-red absorption spec- 
trum of benzol are given in the third and fourth lines. The 


'Fuller detail may be found in the following publications of Raman and his associates 
C. V. Raman, Nature 121, 619 (1928); Indian Journal of Physics, 2, 387 (1928). C. V. Raman and 
K. S. Krishnan, Nature, 121, 501 (1928); 121, 711 (1928); 122, 12 (1928); 122, 169 (1928); 122, 
278 (1928); 122, 882 (1928); Indian Journal of Physics, 2, 398 (1928); Proceedings of the Royal 


Society, 122, 23 (1929) K. 8S. Krishnan, Nature 122, 477 (1928); 122, 650 (1928 122, 961 


(1928). 8S. Ventekateswaran, Indian Journal of Physics, 3, 105 (1928); Nature 122, 506 (1928); 
Philosophical Magazine 7, 597 (1929 I. Ramakrishna Rao, Indian Journal of Physics 3, 123 
(1928); Nature, 123, 87 (1929 L. A. Ramdas, Indian Journal of Physics, 3, 131 (1928); 


Nature 122, 57 (1928) 
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approximate agreement between the computed and the observed 
infra-red wave-lengths is evident. If Raman and Krishnan had 
used the most recent wave-length determinations made by 
Coblentz, the agreement would have been still closer. 


Shortly after, and independently of, Raman’s discovery of 
modified scattering in liquids, G. Landsberg and L. Mandel- 
stam*® of Moscow found modified lines in the light scattered by : 
quartz crystal and noticed that the frequency shifts agreed with 
frequencies in the infra-red absorption spectrum of quartz. They 
obtained similar results with calcite. The modified scattering in 
quartz was discovered also by Raman and Krishnan at about the 
same time. 

The discoveries of Raman and Krishnan, and of Landsberg 
and Mandelstam, were soon verified by a considerable number of 
physicists. Among the first to observe the modified scattering 
outside of India and Russia may be mentioned P. Pringsheim® 
in Germany, J. Cabannes and P. Daure'® in France, and R. W. 
Wood," of Johns Hopkins University in this country. Pringsheim 
gave a very comprehensive discussion of the new phenomenon 
and named it the Raman effect. He also introduced the terms 
Stokesian and anti-Stokesian lines to distinguish between the 
lines scattered with a decrease in frequency and those scattered 
with an increased frequency. Wood improved the experimental 
technique by using cylindrical glass containers for the scattering 
liquid rather than spherical bulbs. The containers were sur- 
rounded by water jackets and placed very close and parallel to 
the mercury arc. The intensity of illumination was further 
enhanced by cylindrical reflectors of highly polished aluminum 
sheet. The scattered light was observed through a window 
sealed to one end of the container. The other end of the con- 
tainer was drawn out to one side and painted black in order to 
reflect no light into the spectrograph. With this arrangement, the 
exposure time necessary to photograph the Raman lines was 
reduced by a factor of ten or more. This was an accomplish- 
ment of considerable importance due to the extreme faintness of 
the Raman lines. With scattering liquids Raman and Krishnan 
had generally used exposure times between ten and forty hours. 
Landsberg and Mandelstam, working with quartz crystals, had 


8G. Landsberg and L. Mandelstam, Naturwissenschaften, 16, 557 (1928); Comptes Rendus, 
187, 109 (1928); Zeitschrift f. Physik, 50, 769 (1928). 

*P. Pringsheim, Naturwissenschaften, 16, 44 (1928). 

‘J. Cabannes and P. Daure, Comptes Rendus, 186, 1533 (1928) 

"R. W. Wood, Nature, 122, 349 (1928); Philosophical Magazine, 6, 729 (1928) 
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used exposure times of nearly a hundred hours. Ramdas, 
though using a spectrograph of exceptionally high speed, had to 
expose for one hundred and eighty-four hours in order to obtain 
Raman lines with ether vapor. The improved technique enabled 
Wood to use spectrographs of high dispersion, thus obtaining very 
accurate determinations of the frequency differences between 
the unmodified lines and the Raman lines. 

Raman’s interpretation of the new effect has received strong 
support from the study of the relative intensities of the Stokesian 
and anti-Stokesian lines. The anti-Stokesian lines, we assume, 
consist of light quanta which have had their frequency increased 
by collision with excited molecules. Since only a small fraction 
of the molecules are excited at ordinary temperatures, the anti- 
Stokesian lines should be much weaker than the corresponding 
Stokesian lines. This is found always to be the case. In fact, 
the rather rough intensity measurements which have so far been 
carried out indicate that the relative intensities of the anti- 
Stokesian lines are proportional to the relative number of excited 
molecules. When the temperature is raised, the number of 
excited molecules increases rapidly. The anti-Stokesian lines 
should, therefore, be more prominent at higher temperatures. 
This is found to be the case. 

The essential correctness of Raman’s interpretation of the new 
scattering phenomenon is no longer open to doubt. This will be 
evident from the following examples of the agreement found 
between the wave-lengths computed from the Raman effect and 
those observed in the infra-red absorption spectrum of the 
scattering substance. The frequency differences », found by 
Wood" for calcite correspond to the wave-lengths 5.78, 9.19 and 
14.0 uw. Coblentz and Nyswander'? found absorption lines 
at 5.8, 9.2 and 14.1 uw. For quartz the following infra-red wave- 
lengths were computed by Landsberg and Mandelstam,* Krish- 
nan’ and others: 8.6, 12.5, 14.2, 21.5, 24.7, 28.5, 38.2, 48.9, 80, 
94 and 118 uw. Only two infra-red absorption lines were known, 
namely at 8.5-9.0 » and at 20.75 uw. M. Czerny'® carried out 
new experiments and found absorption at 38 and 78 ». Though 
the Raman lines corresponding to 48 and 80 u are about equally 
strong, Czerny was unable to detect any absorption at 48 u. For 
water only one frequency shift, corresponding to 2.97 x, has been 
found. This must be identified with the absorption band at 


8ee W. W. Coblentz, Philosophical Magazine, 7, 203 (1929) 
3M. Czerny, Naturwissenschaften, 17, 12 (1929). 
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2.95-3.06 u. For carbon monoxide, Rasetti'‘ computed the value 
4.64 u, while the observed wave-length is 4.66 ». In the case of 
carbon dioxide, Rasetti found only one frequency shift, which, 
however, did not correspond to any of the known infra-red lines. 
For hydrochloric acid gas, Wood! found a frequency shift cor- 
responding to the wave-length 3.47 » which coincides exactly 
with that of the missing line in the center of the well-known 
vibration-rotation band. 

While a certain agreement between the data obtained from the 
Raman effect and those obtained by absorption measurements 
in the infra-red is quite evident in most cases, the lack of com- 
plete agreement is equally conspicuous. It has been pointed out 
by F. Rasetti '* and by R. M. Langer '* that the correlation 
between the two phenomena becomes closer if the frequency 
shifts in the scattered light are compared with differences between 
the frequencies of absorption bands rather than with the fre- 
quencies themselves. In other words, the infra-red lines which 
reveal themselves in the Raman effect seem to be the so-called 
“forbidden” lines. This is exactly what was predicted by 
Schroedinger. 

With the discovery of the Raman effect a new field of spectro- 
scopy has opened up. The study of molecular spectra—a sub- 
ject of basic importance in the investigation of molecular struc- 
ture and hence for chemistry—-has been handicapped by the 
fact that the vibration-rotation bands and pure rotation bands 
of molecules lie in the infra-red region where accurate measure- 
ments are very difficult. In. the Raman effect certain parts of 
these spectra are, so to speak, transposed into a spectral region 
in which observation is very convenient and much more accurate 
measurement possible. The Raman effect thus gives us a method 
of investigating molecular spectra which promises to be exceed- 
ingly valuable as a supplement to the more direct methods. If, 
as Rasetti and Langer have concluded, only the ‘“forbidden’”’ 
infra-red lines reveal themselves in the Raman effect, the impor- 
tance of the effect for the investigation of molecular spectra is, 
of course, much greater than if the scattering experiments merely 
duplicated the information obtained by the direct method. 

The Raman effect has already given us the important informa- 
tion that the intra-molecular vibrations of compounds in the 
liquid state are quite sharply quantized (i.e. are confined to 


MF. Rasetti, Nature 123, 205 (1929). 
™R. W. Wood, Nature 123, 166 (1929); 123, 279 (1929). 
*R. M. Langer, Nature 123, 345 (1929). 
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definite energy values). All the frequency shifts observed seem 
to correspond to changes in the vibrations of the nuclei within 
the molecules. The rotations of the molecules are undoubtedly 
revealed in the asymmetrical broadening of the scattered lines. 
The rotation bands have not yet been resolved, and their 
resolution can hardly be expected for scattering liquids. Certain 
results obtained with glycerine and water indicate that the 
Raman effect may furnish evidence of changes in molecular 
aggregation. 

The Raman effect presents several problems of great theoretical 
interest. Chief among these is the question of whether the 
light scattered with change in frequency is coherent or incoherent. 
Light scattered in the usual manner is coherent, i. e. the 
difference in phase between the scattered and the incident 
light is the same for all scattering molecules. According to 
the theories mentioned at the beginning of this article, the light 
scattered with change in frequency should be incoherent. 
Though Raman was led to the conclusion that the light is 
coherent, the results of other observers seem to support the 
theory also on this point. A final answer to this important 
question may be expected in the nearest future. 

Other problems arise in connection with the intensity and the 
polarization of the Raman lines. Several interesting observa- 
tions have already been reported. However, it is hardly worth 
while as yet to give a summary of the results. In time, the 
intensity and polarization measurements will undoubtedly 
furnish data of the greatest importance for the study of molecular 
spectra. 

The new scattering phenomenon has hitherto been observed 
only with polyatomic molecules. It would be illuminating to 
observe it also with atoms. This, however, must, for several 
reasons, be extraordinarily difficult. The only monatomic gases 
available are the inert gases and certain metal vapors. The 
atoms of the inert gases, due to their symmetrical and stable 
structure, scatter light to an exceedingly small extent, while the 
metal vapors cannot be obtained at a considerable density. 
Furthermore, since the lower energy values of atoms are widely 
spaced, the Raman lines would lie in a different spectral region 
from the unmodified lines. They would, therefore, be very 
difficult to identify. Finally—and this may be the greatest 
difficulty—if only frequencies of ‘‘forbidden”’ lines can occur in 
the Raman effect, the atoms, in order to produce the effect, 
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must be in an excited state. However, even under the most 
favorable circumstances, only a small fraction of the atoms are 
excited. The most hopeful method of searching for a modified 
scattering by atoms seems to be to look for the effect in the 
light emitted by a discharge tube through which a powerful 
discharge is passing. Raman lines should be produced by 
excited atoms illuminated by the radiation from atoms of the 
same kind. However, attempts made in this manner by the 
writer have so far been unsuccessful. 


FROM THE SCRAPBOOK OF A TEACHER OF SCIENCE. 
By Duane Rouuer, 
University of Oklahoma, Norman, Okla. 


All great discoveries are made by men whose feelings run 
ahead of their thinkings.—Charles Parkhurst. 


To travel hopefully is a better thing than to arrive, and the 
true success is to labor.—R. L. Stevenson in “El Dorado.”’ 


“What is the use of this new invention?’ someone asked 
Franklin. ‘‘What is the use of a new-born child?’ was his 
reply.— From ‘‘Memoirs of Baron de Grimm.” 


Let no youth have any anxiety about the upshot of his educa- 
tion, whatever the line of it may be. If he keep faithfully busy 
each hour of the working-day, he may safely leave the final 
result to itself. He can with perfect certainty count on waking 
up some fine morning, to find himself one of the competent ones 
of his generation, in whatever pursuit he may have singled out. 

William Jamesin “The Principles of Psychology.’ It had been 
said that William James wrote psychology like a novelist, while his 
brother, Henry James, wrote novels like a psychologist. The 
chapter on Habit, from which this quotation is taken, is a classic 
of the literature of psychology. 


Nothing is too wonderful to be true, if it be consistent with 
the laws of nature; and in such things as these, experiment is 
the best test of such consistency.—Faraday’s Note Book, March 
19, 1849. 


Mathematics is the science in which we never know what we 
are talking about or whether what we say is true.—Bertrand 
Russell, International Monthly, 4, 84, 1901. 


Teachers men honor, learners they allure; 

But learners teaching, of contempt are sure. 

Scorn is their certain meed, and smart their only cure. 
George Crabbe, “Learned Boy.”’ 
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SOME SIMPLE APPLICATIONS OF ENERGY TO CHEMICAL 
REACTIONS. 


By G. T. FRANKLIN, 
Lane Technical High School, Chicago. 

The chemistry ¢lass always shows a sudden increase in inter- 
est when a study of fireworks is made. To connect the spectacu- 
lar demonstrations of Fourth of July celebrations with chemical 
reactions establishes a point of contact with many pupils. They 
all know about the effects of explosives such as T.N.T., nitro- 
glycerine, etc. They have observed with much interest the 
action of the flashlights of the photographer, the combustion of 
magnesium and of phosphorous of the chemical laboratory. 
The liberation of much energy when such common substances as 
carbon dioxide and water are formed is an interesting basis as 
to the stability of such compounds. The application of the law 
of conservation of energy is appropriate at this point. To con- 
tinue the study in terms of measured quantity emphasizes such 
ideas as: ‘‘It is dangerous to subject acetylene to high pressure 
without a suitable solvent,” “the higher boiling point fractions 
of gasoline yield greater power,’’ ‘gasoline has more power than 
alcohol in internal combustion engines,’”’ etc. The relative 
calorific values of various gaseous fuels can be readily inter- 
preted by use of a few facts and some simple calculations. 

Using the latter statement as the basis for the beginning of 
calculations, suppose a sample of natural gas is found to contain 
90% methane and the remainder for all practical purposes inert. 
This represents a fair sample of natural gas. Methane burns 
according to the following reaction: 

CH,+20,=CO.+2H.0. 
The heat of formation of CO, is 97,000 calories, from the forma- 


tion of water it is 138,000 calories. 
Total 235,000 calories. 
Less 18,900, heat of formation of CH,. 


216,000 calories, the heat of com- 
bustion of 22.4 liters of pure methane. The value given for the 
heat of combustion of methane in Handbook of Chemistry and 
Physics published by the Chemistry Rubber Company of Cleve- 
land is slightly lower than this figure. Their figures, presumably 
experimental values, are 213,500 calories for the same quantity. 

Since natural gas contains approximately 90% methane, the 
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heat of combustion of 22.4 liters of the gas would be 90% of 
216,000 calories or 204,400. 

Meade in Modern Gas Works Practice gives the composition 
of “blue’’ water gas as follows: Hydrogen, 52%, CO 38%, dis- 
regarding other minor quantities which do not effect materially 
the heat of combustion. Hydrogen burns according to the fol- 
lowing reaction: 2H,+O,=2H,0+2 69,000 calories. There- 
fore, the energy liberated when 22.4 liters of water gas burns is 
52% of 69,000 calories or 35,880 calories plus 38% of 68,000 or 

30,640 calories, due to the combustion 
Total 66,520 calories 
of the carbon monoxide (2CO+0,=2CO,+2 68,000). 

Meade gives the composition of producer gas made from coke 
as follows: CO—29%, H,—10%, disregarding inert gas, which 
does not affect the value of the heat of combustion materially. 
The calculated heat of combustion of 22.4 liters of this gas is: 
For the CO, 29% of 68,000 calories or 19,720 calories and for the 
H., 10°, of 69,000 calories or 6,900 calories. 


Total 25,620 calories. 
The chief active constituents of coal gas are as follows: 
H.—47%, CO—7.75%, CH,—27.5%. The heat of combustion 
is calculated as follows: From combustion of hydrogen 47% of 


69,000 or 27,600 calories 

and from the combustion of the methane, 27.5% 

of 216,000 or 59,400 calories 

and from the combustion of the CO, 7.75% of 

68,000 or 5,270 calories 
Total for coal gas 92,270 calories 


Acetylene is the only one of the gaseous fuels discussed in most 
of the texts, which is a chemical compound. When it burns, the 
reaction is as follows: 

2C.H,+50,=4CO,4+2H.,0. 
The heat of combustion of acetylene is calculated readily as 
follows: 
From the carbon, 297,000 calories or 194,000 calories. 
From the hydrogen it. is 69,000 calories. 
Plus heat of formation of C,H, 58,100 calories. 


Total 321,100 calories. 
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The experimental value of the heat of combustion of acetylene 
as given in Handbook of Chemistry and Physics is 315,700, ; 
result strikingly close to the calculated value. Since, in making 
the calculations, two experimental values were used, one for the 
heat of formation of carbon dioxide and the other the heat of 
formation of water, both of which are subject to revision by 
more accurate determinations, it is reasonable to assume the 
method is fairly accurate. Summing up the values obtained for 
the five important gaseous fuels studied, we have 


Acetylene, 321,100 calories 
Natural Gas, 204,000 calories 
Coal Gas, 92,270 calories 
Water Gas, 66,520 calories 


Producer Gas, 25,620 calories. 

The method may be carried on indefinitely to provide some 
very interesting problems for the ambitious pupils. Benzol, for 
instance, burns to form six molecular weights of carbon dioxide, 
and three of water. The heat of combustion is 

for the carbon 6X 97,000 or 582,000 calories. 
for the water 369,000 or 207,000 calories. 
from heat of decomposition 11,300 calories. 
Total 800,300 calories. 
The experimental value given in “handbook” is 776,900. 

The G. M. W. of nitroglycerine is 227. The heat of formation 
as given in ‘“handbook”’ is + 14,700 calories. The equation of 
decomposition is given in chemistry texts as follows: 
4( 3H,(NO;);= 12CO, + 10H.O +6N,+ 0.. Energy of decom- 
position is as follows: 

From the formation of CO., 397,000 or 291,000 calories 
From the formation of water, 2'% «69,000, 172,000 calories 


Total 463,500 calories 
Less heat of formation 14,700 = calories 


148,800 calories 
If this number is divided by 227, the value per gram, 1,977, is 
obtained. 
A comparative study of the heats of combustion of alcohol 
and gasoline by this method is not so easy on account of the lack 
of information of the heats of formation of various constituents 


of ordinary gasoline. One may obtain a pretty fair estimate of 
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the values and in a qualitative way interpret the significance of 
the difference in the power produced by each in an internal com- 
bustion engine. The heat of combustion of alcohol is summed as 
follows: 
From the combustion of carbon, 297,000 =194,000 calories 
From the combustion of hydrogen, 3 x 69,000 = 207,000 calories 
Total 401,000 calories 
Less heat of formation of alcohol 69,900 calories 
331,100 calories 
The experimental value given in ‘“‘handbook”’ is 325,700 calories. 
If this value is divided by the molecular weight of alcohol (46), 
the heat of combustion per gram is found to be 7,415 calories. 
Hexane is one of the lighter boiling point fractions of gasoline. 
The calculated heat of combustion is as follows: 
From the combustion of carbon, 697,000 =582,000 calories. 
From the combustion of hydrogen, 7 X 69,000 =483,000 calories. 


Total 1,065,000 calories. 

The heat of formation of this hydrocarbon was not found. 
Judging by that of its near relatives it is probably not much 
greater than the excess of the above figures over one million. 
The heat of combustion of this substance is evidently in the 
neighborhood of one million small calories. This number 
divided by the molecular weight of hexane (86) gives approxi- 
mately 11,600 calories per gram. 


ASPARAGUS VITAMINS. 

Thick,white asparagus sprouts are rather more fashionable than their 
green brothers, but they are lacking in vitamin A. So if you rely on 
asparagus for your vitamins, you must eat the green variety, or you will 
not be getting enough vitamin A in your daily diet. 

Experiments carried out by Prof. J. W. Crist and Prof. Marie Dye at 
the Michigan State College showed that green asparagus, whether fresh- 
ly cooked or canned, contained enough vitamin A to promote health and 
growth when fed daily to white rats. These animals are the ones regularly 
used to test the vitamin content of foods. When they were fed the 
blanched or white asparagus without any other source of vitamin A in 
their diet, they died as rapidly as on the control diet containing no aspara- 
gus and also no vitamin A. Evidently blanched asparagus gives no 
stimulant to health and growth. 

Prof. Crist and Prof. Dye believe a relationship exists between vitamin 
A content and the development of chlorophyll, the green coloring matter 
of plants.—Science News-Letter. 
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VOICE CONSERVATION, WITH SOME REFERENCE TO CHALK 
DUST SORE THROAT. 


By Artuur H. Bryan, 
Baltimore City College, Baltimore, Md. 


During special class demonstrations and lessons, the teacher 
may use his voice almost continuously for from three to five 
hours per day. Should night school work be added to the 
pedagogue’s throat burden, then two and a half additional hours 
can be included in the daily talking schedule. 

Our brothers in throat distress, the ministers, frequently com- 
plain about their over-worked vocal cords. Two sermons on a 
Sunday is a throat ordeal for them. Compare this however with 
the laryngitis, pharyngitis, glossitis and tonsillitis, ete. which 
might reasonably be expected to develop with the teacher who 
uses his teaching voice five or six periods a day, and five days 
per week, then the above inflammatory terms from the medical 
nomenclature of the Laryngologist might well be used to describe 
the teachers’ condition by way of comparison to the ministers’ 
plain sore throat. 

The membranes in the back of the throat covering the 
pharynx, larynx and vocal cords are, like all membranes in the 
body, very sensitive, and are therefore subject to all manner of 
pathological depredations. However, from a teacher's stand- 
point there are three forms of sore throat based on cause: 

1. Mechanical, due to over-exertion or over-taxation of the 
vocal cords. 

2. Bacterial, resulting from all manner of cold and flu germs. 

3. Foreign body irritation from dust, chalk, tobacco smoke, 
etc. 

Any or all of these may be responsible for the sore throat. 

Any form of constant irritation during lectures, recitations, or 
direct presentation in the class room if continued over a long 
period is liable to result in the condition known as hoarseness or 
sore throat. This condition is especially true in the winter when 
the bacterial sources of irritation which cause colds are ever 
present. 

The bacteria which cause the colds naturally tend to carry 
out their disease producing action in parts already irritated 
by mechanical causes, hence the mechanically irritated sore 
throat is subject to further depredations resulting from bacterial 
infections. 


The writer has observed throats to 





another cause of sore 
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which the pedagogue is particularly adapted. Where the oral 
presentations are accompanied by black board demonstrations, 
the amount of chalk dust which accumulates near the black 
board is surprising. While writing on the board, using an eraser, 
or dusting out the chalk rack, a lot of chalk dust is thrown into 
the air immediately adjacent to the blackboard, and the teacher 
is very likely to be inhaling a good deal of this chalk dust while 
talking and lecturing. This chalk dust, together with the other 
irritating and highly exciting factors, frequently causes such 
intense irritation of the throat, tonsils, and vocal cord mem- 
branes, that the speaker literally loses his voice temporarily. 
The hoarseness is so intense and painful that the speaker has to 
discontinue with didactic methods of presentation. The writer 
in order to check up the effect of chalk dust in irritating the throat 
examined under the microscope the bronchial exudate and 
expectorate from his throat, and also the expectorate from 
another teacher who had a sore throat at the same time. 

The regular debris, including mucous and broken down 
epithelial cells of the bronchial and throat membranes, etc., were 
present, but in addition thousands of tiny particles. These tiny 
particles were evidently the fine chalk dust coming from the 
black board, and erasers, etc. Nasal exudate was also examined 
and found to contain evidences of chalk dust particles in it. 
From this evidence we may conclude that in the winter months 
the teacher is justified in exercising throat conservation, which 
means modulating the voice as much as possible so as not to 
subject the throat to undue throat strain. In addition all the 
measures for preventing colds should be carried out. Finally as 
a result of the evidence presented showing the presence of chalk 
dust in bronchial and nasal exudate, extreme care in keeping 
down the chalk dust emanating from the erasers every day, 
washing the blackboards and chalk racks would seem to be the 
normal preventive measures. In addition it might be better not 
to talk while writing at the black board, which would tend to pre- 
vent the inhalations of the injurious chalk dust. 

The throat hygiene should of course include the use of gargles 
and mouth washes which are non-irritating. Those that contain 
a glycerine base are good because glycerine tends to cover and 
protect the irritated area. Such a mouth antiseptic should also 
contain a non-irritating alkaline antiseptic which is in addition 
slightly astringent. 

These few suggestions, if carried out, may prove worthwhile 
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particularly to those teachers who are subject to hoarseness and 
sore throats. The writer has observed over a period of years 
among the faculty of the school several teachers down with sore 
throats at the same time. The worst month appears to be 
February. Consulting these teachers this year the writer has 
noticed that since moving into our new building there has been 
very much less tendency toward teacher sore throats. Evidently 
the ideal hygiene conditions in the classrooms now together with 
the lack of accumulated chalk dust has had a notable effect on 
the incidence of sore throat tendency among the faculty members. 


GOOD FOOD HABITS FOR CHILDREN. 

Good food habits, developed in childhood under wise gindan: e, are the 
foundation of good nutrition through life. With the best of intentions 
parents may make mistakes in the management of their children at the 
table, erring by over-indulgence or ill-advised strictness With patience 
and careful methods children’s food habits can be retrained, but it is of 
course much simpler to build good food habits from the start 

A child can become accustomed from babyhood to a variety of foods, 
flavors, and food textures, says Miss C. Rowena Schmidt, of the Bureau 
of Home Economics, in Leaflet $2-L, Good Food Habits for Children, 
just issued by the United States Department of Agriculture. As the 
child grows, says Miss Schmidt, take it for granted that he will enjoy 
the food set before him Don’t talk about “how+good it is for him 
Let the adults of the family set a good example by eating without com- 
ment all wholesome, well-prepared foods, and let the mother make it her 
responsibility to see that the special dishes for the child are not only 
suitable in kind but carefully cooked and attractively served in fairly 
small portions. 

Meals should come at regular hours, and there should be no “piecing : 
to spoil the appetite. Make meals the occasion for pleasant comrade- 
ship, whether the child has his own food separately or eats with the family 
Bright colored individual dishes and small table implements that the 
child can handle personally add interest. Encourage self-help from the 
earliest possible age. Playing games to get food eaten is not recommended 
by Miss Schmidt. Other and better means of accomplishing the sam« 
end with difficult children are suggested. The leaflet may be obtained 
free from the United States Department of Agriculture, Washington, D. ¢ 


MULTIPLICATION BY DIVISION. 

Cut most animals up and they simply die. Cut up Lineus, a sea-worm 
common along the Atlantic coast, and it merely turns into a family of little 
Lineuses. How it survives this terrible surgery was told by Prof. W. R 
Coe, of Yale University. 

Slices cut clear across the body at any place back of the creature's 
brain, turn into little replicas of the original worm, regenerating such 
organs as the cutting deprived them of. 

Queer things begin to happen if a transverse slice is partly split length- 
wise, leaving the pieces attached to each other by one edge. If the free 
ends are toward what was the head of the original worm each piece will 
develop a new head, but all of the pieces will keep the same tail.—Science 
News-Letter. 
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BACKGROUND AND FOREGROUND OF GENERAL SCIENCE. 
By Wo. T. SKILLING, 
State Teachers’ College, San Diego, Calif. 
No. II]]—Rapto. 

The newest textbooks on general science recognize radio as 
legitimate subject matter. Indeed it has all the earmarks of 
belonging to that great group of topics which we are introducing 
in brief form to children before they are considered old enough to 
take up the more formal study of any specific science. 

It makes an appeal to juvenile interest; it lends itself readily 
to the project method; it has become a part of everyday life; 
it can be given in a fairly simple way; a consideration of its 
principles forms the best possible introduction to many of the 
newest developments in modern science. 

Probably the chief reason why more use is not made in the 
classroom of this outstanding topic is that so few teachers feel 
qualified to present it. This feeling is intensified by hearing 
discussions among youthful radio builders couched in language 
as technical as the description of a baseball game. Most of this 
facile knowledge is very superficial and mechanical. 

Though the general science pupil may have an advantage over 
the teacher in the matter of terminology and of “hookups” to 
produce certain effects he knows little about electricity. The 
teacher, with a background of physics, may with the help of 
some not too technical book on radio equip himself for giving 
satisfactorily the fundamental principles of the subject. 

A simple treatment of the principles underlying the behavior 
of the various parts of sending and receiving sets is found in 
John Mills’ ‘‘Letters of a Radio Engineer to His Son.’’ Another 
fairly simple book is ‘‘Practical Radio’? by Moyer and Wostrel. 
This is addressed more to those interested in building a set. 

A study of magnetism, electricity, and sound should precede 
the study of radio. Pitch and the relationship between vibration 
frequency of a sounding body and the resulting wave length, if 
taught objectively, lead up to the subject of tuning a radio set. 

In this as in all topics which are made up of a multitude of 
separate elements the thing as a whole should first be visualized. 
Otherwise lessons will degenerate into a dissection of details, 
and the woods will be hidden by the trees. 

Go in imagination to some distant broadcasting station where 
artists stand before the microphone, and in an adjoining room 


is an electric generator. 
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As the violin string must vibrate to send out air waves so 
electricity coming from the generator and flowing in a circuit 
that is in some way connected both with the microphone and 
with the antenna above the building must be made to vibrate 
or “‘oscillate.”’ 

This oscillation is brought about by three factors, a vacuum 
tube, a coil of wire, and a condenser. 

The tube enables electric energy to be poured continually and 
in large quantity into the circuit and the number of turns in the 
coil of the tuning circuit (inductance) together with the amount 
of surface (capacitance) of the condenser regulate the rate of 
oscillation something as the size and tension of a musical string 
or wire regulate its pitch. Adding to either the coil or the con- 
denser, or to both, decreases the frequency of oscillation, that is, 
increases the wave length. 

To the teacher, accustomed to expressing such relationships 
as the above mathematically, the following formula makes the 
statement briefer and more specific. 

I 
VLC 
where K is a constant, L inductance, and C capacitance. 

The frequency of broadcasting stations varies from a half 


Frequency = K 


million to one and one-half million oscillations per second 
(300,000,000 +600 or 200), the wave lengths from 200 to 600 
meters. This is the ‘‘carrier wave,”’ all the waves of which are 
equal in length and intensity. 

“Modulation” of the carrier wave is the fluctuation in the 
intensity of the oscillations brought about by the voice in the 
microphone. The voice cuts down or builds up the strength of 
the current oscillating in the antenna, so that the carrier wave 
takes with it to the distant receiving station the pulsations of 
“audio frequency”’ which are impressed upon it by the voice at 
the microphone. Radio frequency waves bearing audio fre- 
quency waves are shown in the diagram at C. 

A very perfect mechanical analogy of inductance, or coil 
action, and capacitance, or condenser action, is furnished by a 
string of rubber bands looped together and attached to a weight 
that will stretch them. The vibration of the weight up and 
down corresponds to oscillations of a circuit. The inertia of the 
weight represents the action of an electric coil (inductance), 
and the ability of the rubber to stretch, its “‘stretchiness’’ cor- 
responds to the condenser action (capacitance). The longer the 
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rubber or the heavier the weight the slower the vibrations. This 
model can thus be tuned to any desired frequency. 

Before turning from the sending station to the receiving sta- 
tion a recent development should be mentioned which adds 
greatly to the sharpness of tuning. It has been found that if 
the oscillations are made to pass through a quartz prism they 
will come through with a very definite frequency. This is 
because such a crystal can oscillate at only a certain rate depend- 
ing on its size and thickness. 

The Bureau of Standards at Washington, D. C., can furnish 
to a broadcasting station a crystal which is guaranteed to allow 
only waves to pass which are within an inch or two of the wave 
length which the government authorizes the station to send out. 
This is done by carefully grinding the crystal down to the neces- 
sary thickness. 

At the receiving station the carrier wave can affect the set 
only if its circuit is tuned to have a natural period of oscillation 
equal to that of the carrier wave. This tuning is the result of 
having the proper number of turns in the coil, and the proper 
amount of surface in the condenser. 

The principle of the vacuum tube with its three elements, 
filament, grid, and plate can be very simply explained at least 
in so far as its amplifying power is concerned. 

The boiling out of electrons from the hot filament, and the 
way in which they are pulled across to the plate by the attractive 
force of the positive end of the B— battery, thus carrying the 
current across, is easily pictured. 

The ability of the detector tube to rectify the current is also 
easily understood. As the cold plate furnishes no electrons they 
cannot flow from it back to the filament. But further explana- 
tions of detection, which involve tube characteristics, are too 
difficult for a general science class and should be deferred. 

The action of the grid may well be likened to a traffic officer 
at a street crossing, beckoning the people across or warning them 
back, thus controlling the stream. 

The grid’s action in “triggering off’’ large amounts of energy 
from the B— battery is aptly likened to the action of the throttle 
of an automobile. 

The effect of various kinds of current passing through the 
phones can be illustrated by a very simple mechanical analogy. 
Bore a hole in one end of a piece of two by four scantling about 
three feet long and hang it from a nail so that it can vibrate as a 
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pendulum. Let this represent the vibrating disk of the receiving 
phone. 

With two tack hammers tap the pendulum lightly and rapidly 
on both sides at once. This represents an oscillating unrectified 
current as shown at A in the diagram. The bar does not move. 


A 
ti UT 


A. Tue CARRIER CURRENT NOT RECTIFIED. 
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B.~ Tue Rectiriep CARRIER CURRENT. 
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C. Tue CurR ENT MODULATED BY THE SOUND & ASIN FAR 








Now tap rapidly and with uniform force upon one side only. 
This is direct but pulsating current, as at B. The bar moves to 
one side and comes to rest, as the telephone disk would give one 
click and then remain silent. 

Next vary the force of tapping with the one hammer. This 
will cause the bar to swing slowly back and forth keeping time 
with the variations of the force of tapping. This is the action 
of a modulated current such as shown at C. 

The stick cannot vibrate as fast as the taps are given nor the 
disk as fast as the radio frequency oscillations come. But the 
stick can change position with the changing force of the taps, 
and the phone disk can vibrate in time with the changes of 
current strength, which come at audio frequency. 

Such demonstrations, though crude, make all the difference 
between hazy half knowledge and intelligent understanding. 


School bus drivers are now having their meetings. Eighty of them met 
recently in La Porte, Ind., and discussed accident prevention and traffic 
regulations.—School Lif 
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FUNCTIONAL THINKING AS AN OBJECTIVE OF 
MATHEMATICAL EDUCATION. 
By J.S. GEorGEs, 
The Universily of Chicago High School. 
(Continued from May issue) 


In order to appreciate the nature and significance of the 
algebraic statement of quantitative relationships it is necessary 
first to understand the meaning of symbolic representation. 
Representation in mathematics means that the mathematician 
has invented a method of working with symbols instead of the 
quantities or objects themselves. If the quantities are numerical 
facts, that is definite numbers, then the representative symbols 
are generalized numbers. A symbol, such as x, is endowed with 
the responsibility of representing a set or class of numbers in the 
sense that a congressman represents his constituents at Wash- 
ington. This is a very convenient principle, for instead of deal- 
ing with a large number of entities separately the necessary deal- 
ings are with their representative. Mathematically speaking we 
say that the necessary operations are performed upon the repre- 
sentative symbols and the results of operations hold good for the 
members of the class. 

This method has certain specific advantages that are extremely 
useful in the study of functional relationships. First, the sym- 
bolic representation enables determination of the class character- 
istics or significant properties which shed light upon the nature 
of the relationship; second, it enables the precise and exact 
statement of the relationship as a law, having numerous applica- 
tions which are but verifications of the truth and validity of the 
law in specific instances or situations; and third, it makes general- 
izations possible. The mathematical doctrine of generalization 
is a powerful instrument of reasoning by means of which man is 
able to utilize his knowledge of observed and measured results 
to deduce universal laws which transcend the world of senses. 

The use of symbolic representation in the determination of 
laws is illustrated by the following familiar problem: The 
determination of the relationship between the area and the 
dimensions of a rectangle. Suppose that by measurement of the 
number of linear units in the dimensions of a rectangle and the 
number of square units in the area it has been found that a 
rectangle whose dimensions are 4 and 5 centimeters contains 20 
square units, while another rectangle with 5 and 6 centimeters for 
the dimensions contains 30 square centimeters. The student 











602 SCHOOL SCIENCE AND MATHEMATICS 


may note the fact that in each case the number of square units 
is the same as the product of the numbers representing the two 
dimensions. He may reflect upon the fact as to whether this is a 
significant characteristic or merely a coincidence. He may even 
go as far as to infer the validity of the relationship. Other 
rectangles must be constructed and measured to test out the 
validity of the empirical law. Suppose a third rectangle is first 
constructed, then the two dimensions as well as the number of 
square unfts in the area determined; the dimensions are found to 
be 4.95 and 5.15 units approximately, and the number of square 
units in the area, 25.50 approximately. Now the product of 
4.95 and 5.15 is approximately 25.49, which differs from 25.50 
only by one-hundredth, and which is small enough to warrant 
the conclusion that in this case also the product of the numbers 
standing for the lengths of the two dimensions is the same as the 
number of the square units in the area. 

The study of these special cases may be used as a basis for 
inferring the nature of the empirical law which may be applied 
to the class of all rectangles, but the demonstration of its validity 
vannot be based upon the measurement of a large number of 
rectangles. Because an empirical law holds for even as large a 
number as 500 cases we cannot be absolutely certain that it will 
hold in the 501st case also. Measurement may verify but cannot 
prove a truth. The method of proof must be based upon the 
concept of representation and generalized elements. 

In this special illustration a representative rectangle, called 
“any” rectangle, is chosen whose dimensions are denoted by 
generalized numbers, b and h, and its area by a. These numbers 
themselves are representatives of the definite or arithmetical 
numbers in terms of which the actual dimensions of a measured 
rectangle are expressed. Thus we have a rectangle which repre- 
sents the class of all rectangles, and if it can be demonstrated 
that the relation a=bh is true, then every rectangle, whether 
large or small, whether the product of measurement and con- 
struction or the created figure of imagination, will obey the law. 

It must not be inferred, however, that every relationship which 
is expressed symbolically in the language of mathematics has 
been demonstrated to be an exactly true relationship or that 
such demonstration is possible. Many of the mathematically 
stated relationships are but empirical laws, very convenient to 
have, and have been found to hold for every case which has been 
actually tried, but because of the nature of the entities in terms 
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of which the relationship is defined a general proof may not be 
discovered. However, for the sake of interpretation of the 
mathematical significance of the relationships which are expressed 
in terms of mathematical abstract elements, we may consider 
such relationships as general laws, having applications in fields 
other than the one in which the particular relationship is defined. 
Consider, for example, Boyle’s Law, namely, that at a constant 
temperature the volume of a given mass of gas varies inversely 
as the pressure to which it is subjected. Expressed algebraically 
this relationship has the form py=k. Now if the symbols p, 
v, and k be interpreted not as special quantities denoting grams 
of mass, or cubic centimeters of volume, and the particular con- 
stant resulting from the particular temperature at which the law 
is observed, but as abstract mathematical symbols, the repre- 
sentatives of the whole class of numerical quantities, then this 
relationship is to be interpreted as a mathematical law having 
various applications. For example in capillarity the elevation or 
depression is inversely proportional to the diameter of the tube, 
in sound for a constant velocity the number of vibrations per 
second is inversely proportional to the wave length, in light the 
curvature of an are of given length varies inversely as its radius, 
in liquids the volumes of the same weights of two liquids are 
inversely proportional to their densities; these all are manifesta- 
tions of the general inverse variation law xy =k. 

The generality of this particular law is made more obvious when 
its geometric interpretation is considered. The curve of the law 
is a hyperbola having two branches, one in the first quadrant, 
and the other in the third, for positive values of the constant k. 
In the first quadrant the curve stretches to the right as far as we 
please, that is the variable x whose values are indicated along 
the horizontal line has for its range of values all the real num- 
bers from numbers infinitely small to numbers infinitely large, 
and the corresponding values of the variable y which are indi- 
cated along the vertical axis change from numbers infinitely 
large to numbers infinitely small, as shown by the part of the 
curve which ascends steeply to an infinite distance. Now if 
we should consider the application of this mathematical law to 
Boyle’s Law it is quite obvious that the variables must be 
limited in their ranges, for though mathematically the ranges 
may be infinite, practically an infinitely small volume corre- 
sponding to an infinitely large pressure is impossible. In fact the 
gas obeys the law until by decreasing its volume or increasing the 
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pressure the constant temperature can no longer be maintained 
and the gas is transformed into liquid. Furthermore, the branch 
of the curve in the third quadrant has no interpretation for 
Boyle’s Law, since negative volumes and pressures have no mean- 
ing. What is known as a universal law in physics and chemistry 
appears to be but a special case of a more universal mathematical 
law, the so-called Hyperbolic Law. 

The symbolic representation furnishes a means of not only 
stating the discovered relationships precisely and compactly, but 
also of generalizing the existing knowledge. For the investigator 
in fields other than mathematics perhaps the precise statement 
of a relationship is more important than the possible extension 
of the results of the phenomenon to other similar relationships. 
The ultimate end in the quantitative method and quantitative 
thinking is the expression of the observed relationship exactly. 
For the purpose of illustration consider those phenomena which 
involve only two variable factors, the other factors are assumed 
to be kept constant. The variable quantities may be repre- 
sented by symbols x and y. Now two variables may be related 
in a number of different ways, hence there are many possible 
relationships. Which particular relationship a given phenomenon 
exhibits is the problem which the investigator must solve. The 
various possible relationships may be listed as follows, considering 
only the cases where the variables enter the relationship to their 
first powers: (1) the sum of the two variables is constant, or 
symbolically x-+y=k; (2) their difference may be constant, 
symbolically x —y =k; (3) their product may be constant, sym- 
bolically xy=k; and (4) their quotient may be constant, sym- 
bolically x/y=k. With the exception of number (3) these rela- 
tionships are but different manifestations of the same law, the 
well-known direct variation law whose graph is a straight line. 
It is the law of variation where the variables increase and de- 
crease together. y=kx is the simplest and the most effective 
way of stating simple proportionality, that is when the variables 
increase and decrease in a certain ratio. The numbers (1) and 
(2) can be stated together in the form y=k,x+k:, which is a 
slightly more general law, including the former as a special case. 
It embodies the idea of proportionality as in the former case, 
but it excludes the necessity of having the two variables vanish 
together. The relation (3) is the inverse variation law which 
illustrates the principle that the variation is of such character 
that when one variable increases the other decreases propor- 


tionally. 
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The fact that variables in a certain phenomenon increase or 
decrease together, or that while one variable increases the other 
decreases, does not necessarily mean that the law of direct varia- 
tion or that of inverse variation holds. All manner of relation- 
ships may be of this nature, such as most of the phenomena of 
social sciences and of education. However, the knowledge of the 
exact mathematical laws may be utilized in the understanding 
and determination of those relationships which are not express- 
ible exactly. Let us consider the application of the straight 
line law to the problem of determining the effect of nitrogen on 
wheat yield. We may let x represent pounds of nitrogen applied 
per acre, and y the wheat yield in bushels per acre. The vari- 
ables x and y increase and decrease together, as shown by de- 
termined data, consisting of n pairs of values for x and y. We 
are interested in a quantitative characterization of this rela- 
tionship. For this purpose the regression method may be used. 
The regression curve is defined as the locus of the expected value 
of y in the array which corresponds to an assigned value of x 
as the interval of x is made to approach zero. We may assume 
that the regression curve of y on x to be a straight line, that is we 
assume that the association of the variables is a form of the 
straight line law. We accept as an approximation the line 
y=k,x+k, which fits the best the means of arrays of the sample. 
The term best is used to mean the application of the criterion of 
the least squares in the approximation. Now the process con- 
sists in determining the values of the k’s from the observed data. 
The determined equation takes the form y=kx, where the con- 
stant k is the product of the coefficient of correlation and the 
ratio of the standard deviations. 

In the illustration we have considered those phenomena which 
involve two variables to their first degrees only, but of course we 
cannot actually impose that condition, and the variables may 
enter the relationship singly or jointly, to their first degrees, 
second degrees, or even to higher degrees. Among the relation- 
ships between two variables the one where one variable is 
expressed as a quadratic function of the other is of universal 
importance. This is the well-known parabolic law, in which the 
variation is direct but the graph is a parabola instead of a straight 
line. The main difference between this law and the straight line 
law is the fact that while the rate of increase or decrease is con- 
stant for the straight line, that of the parabola is a variable 


quantity. The best example of this law is the phenomenon of 
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falling bodies. This and other mathematical laws may be used 
as standards of approximation for the phenomena whose rela- 
tionships are not expressible in exact mathematical form. 

The generalizations of the functional relationships, which the 
mathematical method of symbolic representation makes possi- 
ble, do not by the statement of the various relationships of like 
nature into universal laws neglect or disregard from consideration 
the special relationships in terms of which the abstractions and 
generalizations are construed. When a mathematician makes 
his formula more general he not only retains all the special 
cases but also deduces the universal law which is applicable 
to all of them. The genuine function concept does not disre- 
gard the peculiarities and particularities which it holds under it, 
but seeks to show the necessity of the occurrence of the particu- 
larities and the resulting connections or associations between 
them. In terms of these connections and associations the 
mathematical concept of function gives a universal rule or law. 
Thus it is possible to proceed from a general mathematical 
formula of a curve of the second order to the special geometrical 
forms of the circle, the ellipse, the parabola, and the hyperbola 
by considering certain parameters in the formula as variable 
quantities. The circle, the ellipse, the parabola, the hyperbola, 
each of which is a geometric representation of a law of universal 
applications, is made but a special case of a still more general 
law, and in the statement of which the peculiarities of these 
special cases are preserved. Here the more universal concept 
shows itself also richer in content for from it may be deduced all 
the mathematical relationships which concern the special cases, 
and these special cases are shown not as isolated problems but 
as in a continuous connection with one another. 

Thus far we have considered the significance of the functional 
thinking in three different ways: (1) the recognition of function- 
ality and the consciousness of the existence of functional rela- 
tionships between quantities; (2) the utilization of the quantita- 
tive method in the determination of data for the recognition of 
the nature of the functional relationships between the factors of a 
phenomenon or problem; and (3) the symbolic representation of 
the results of experimentation, and the statement of the rela- 
tionship in terms of mathematical symbols as a precise and exact 
law. This last principle embodies the idea of generalization of 
type relationships into general or universal laws, and the 
associated idea of the consideration of special cases. In the 
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amplification of the significance of the function concept in these 
three principles it has been shown that the mathematical con- 
cept of function is not removed from the common experiences of 
life or the activities in other fields of study and investigation 
because of its abstractness, but that it serves as a model or stand- 
ard according to which the modern concept of nature has been 
molded in its progressive historical development. It remains 
to point out specifically how the mathematical training afforded 
by the elementary courses in secondary schools may develop 
these three attributes of the functional thinking. The various 
mathematical concepts, principles, processes, and methods which 
directly or indirectly contribute to the formation of correct 
habits of functional thinking, to the acquisition of skills in the 
manipulation of the quantitative method, and to the develop- 
ment of ability in the expression and interpretation of functional 
relationships may be classified under six main headings: (1) 
measurement, (2) representation, (3) variation, (4) relation- 
ships, (5) transformations, and (6) generalizations. 

The functional principles inherent in direct measurement are: 
(1) the degree of accuracy, that is the closer the approximation 
the smaller the difference between the approximated value and 
the correct value; (2) the variation of the number of units which 
depends upon the selected unit of measure and the size of the 
object; (3) comparison of measured magnitudes, that is the 
ratio, or difference, of the numbers representing their measures 
is a variable quantity. Those of the indirect measurement 
are: (1) ratio and proportion; (2) variation of the size and shape 
of geometric figures; (3) similarity; and (4) congruence, as a 
special case of similarity. 

The functional principles involved in the process of representa- 
tion are: (1) variation, that is the representative symbols are 
variables; (2) correspondence between the symbols and the classes 
of quantities which they represent; (3) tabulation; (4) graphs; 
(5) the algebraic function; (6) invariants, that is the considera- 
tion of certain common characteristics of the elements of the 
class which remain unchanged by the representation. 

The functional principles manifested in the study of variation 
are: (1) evaluation of polynomials; (2) the degree of the poly- 
nomial showing the type of variation; (3) the perimeter, area, 
and shape of geometric configurations; (4) limits, that is varia- 
tions of a specified type which have upper or lower limits for 
their ranges of values. 
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The relationships of algebra are: (1) equality of functions for 
all values of their variables, or for a specified set of values; and 
(2) inequalities, where the functions are related according to a 
stated difference of their values. The relationships of geometry 
are: (1) congruence; (2) similarity; (3) equivalence; (4) speci- 
fied relations, such as perpendicularity, and parallelism; (5) 
inequality. The functional principles to be emphasized in the 
study of relationships are: (1) the algebraic formula; (2) the 
equation in one unknown, which if interpreted correctly is a 
statement of functional relationship; (3) the systems of equa- 
tions in two or more variables; (4) the graph; (5) similarity and 
proportionality; (6) areas and perimeters; (7) the trigonometric 
functions; (8) commensurable and incommensurable magnitudes: 
and (9) the principle of continuity. . 

Transformation in mathematics implies the idea of the state- 
ment of functionality in the form of an exact law, hence may be 
developed in connection with all algebraically stated relation- 
ships. If interpreted correctly, transformation is the logic of 
functionality which seeks to establish laws. 

Functionality in mathematics is subjected to generalization in 
the form of universal laws. The linear function, the quadratic 
function, the cubic function, and the exponential function may be 
interpreted as general laws each having numerous special appli- 
cations to certain types of functional relationships. 

In view of the preeminence of functional thinking, and the 
availability of the various mathematical methods for the inter- 
pretation, representation, generalization and application of 
functional relationships to make possible the acquisition of cor- 
rect habits of functional thinking we are led to believe that this 
is the primary end of mathematical instruction. The realiza- 
tion of this supreme end of mathematical instruction is a chal- 
lenge to the teachers of mathematics in secondary schools, and 
to the educators who are vitally interested in making the educa- 
tive process more effective.in the life of the individual. If we 
are willing to accept the challenge we shall present the funda- 
mental concept of function in mathematics as a sort of supple- 
ment to language, affording a means of thought about form and 
quantity, and a means of expression, more exact, and compact 
than ordinary language. ‘‘The great body of scientific knowledge, 
a great deal of the essential facts of financial and economic sci- 
ences, the endless social and political problems are accessible 
only to those who can think in terms of functional methods and 
of functional relationships.”’ 

















SAFETY IN THE LABORATORY 609 


SAFETY IN THE SCIENCE LABORATORY. 
By W. W. CARPENTER, 
Professor of Education, University of Missouri. 

No matter how small the high school, the science department 
is one of its show places. The specimen in the cabinets, the 
shiny apparatus, the chemicals and other supplies arranged 
neatly on the shelves attract the attention of the visitor. The 
large desks equipped with running water, fume hoods, gas, 
electricity, drains, ete., give the room a setting or color. 

The science department is not only one of the show places 
of the school, it is also one of the danger spots. The prettily 
colored chemicals, the apparatus, the water, the gas and the 
electricity may, through carelessness or accident, be the source 
of fire, explosion or noxious gases injurious to health. 

The American people want their children to attend school 
in buildings that are free from fire hazard and danger: they 
are willing to pay enormous sums for the erection and main- 
tenance of their schools. The science laboratory, however, 
even in a fire-proof building, offers a serious menace unless it 
is properly cared for. Every precaution must be taken by the 
instructor and those charged with planning and equipping 
laboratories to insure the safety of the children. 

Of course, we have a well trained teacher or corps of teachers 
in our science department and every possible precaution is 
taken both in storing the equipment and supplies and in dis- 
tributing them to the students. But with every precaution 
there will still be accidents in the laboratory. Apparatus and 
equipment can neither be made fool-proof nor accident-proof. 

The instructor of the class is of course morally responsible 
for the safety of the children in his charge. He must not only 
take every precaution himself but he must also be constantly 
on the alert for the careless student who through neglect or 
ignorance jeopardizes the safety of the group. 

The following Safety Code for science laboratories is suggested : 

1. Instructors in science laboratories are responsible for the 
health and safety of the class. While it is true that this is a 
moral responsibility rather than a legal responsibility, except 
in cases where negligence is shown, yet the general public looks 
to the teacher for the safety of the children under her care. 

2. Each member of the class must be made to feel his personal 
responsibility for the safety of the group. This can be ac- 
complished by: 
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1. General talks to the students on safety-first in the labora” 


as 


tory. 

b. General instructions on handling and care of apparatus 
and chemicals. 

»: Special instructions given to students who are using 


— 


apparatus or chemicals where special or unusual care must be 
taken. 

d. Special instructions given the class in the use of the fire 
extinguisher and the first-aid kit. Wool blankets are advised 
for chemical laboratories to be used in smothering flames. 

e. Written instructions covering student responsibilities 
posted in the laboratory. These will vary with the subject 
taught but will include such points as: 

(a) Disposal of used matches, chemicals, broken glass and 
other refuse. 

(b) Use of hoods for poison gases. 

(c) Care of water, gas, electricity, drains. 

(d) Protection of apparatus and chemicals left in lockers. 

(e) Care of student-locker, disposal of waste paper, etc. 

3. <A written report of all accidents should be made at once 
by the teacher in charge of the class to the head of the de- 
partment or principal of the school. 

Regardless of how carefully the instructor plans his work 
there will be a few accidents. It is important that these be 
reported while the incident is fresh in the mind of the instructor. 


THE SCIENCE CLUB IN THE SMALL COLLEGE.* 
By Harvey A. ZINSZER, 
Hanover College, Hanover, Ind. 

There are science clubs and science clubs, the one dominated 
by the science professor, the other providing an outlet of self- 
expression and a fountain of inspiration for the science student. 
It is the latter type in which I am particularly interested, more 
especially as it is found in the small college. 

A club of the latter type calls for an alliance and the hearty 
cooperation of the various science heads. Alternate meetings 
should be arranged by rival groups such as the math-physics 
group as compared with the chem-bio group. It is of utmost 
importance that the program committee working under the 
direction of the various professors should function perfectly. 


*An address delivered at the meeting of the Indiana Physics Teachers at Franklin College, 
Franklin, Ind., Nov. 9, 1928 
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Strong efforts should be made to fill all programs with student 
papers, the papers being eased off by musical numbers or read- 
ings. Only on rare occasions should an instructor appear on 
the program; in fact, it were far better for the instructor to 
coach a student to present the paper for him. 

All science majors should be warmly urged and encouraged in 
every possible manner to become active in the club, even if it 
involves the holding out of a grade-bonus; because an organiza- 
tion of this type is beneficial in a way that no class can possibly 
be. Furthermore, leading science majors of advanced standing 
should be encouraged to affiliate with the state bodies in their 
respective field. Ample publicity and special reference to 
important points in worthy papers should be made.» Then, too, 
wherever possible, the paper should be presented with the actual 
apparatus on display, and with the assistance of a lantern for 
direct and opaque projection. Outside speakers of high reputa- 
tion should be brought in at least once a year, and their advent 
should be amply advertised. 

The students should be reminded frequently of conditions as 
they exist both in graduate schools and in the commercial world 
so that they may early draw a conclusion of what they want to be 
and how they should proceed. Frequent recourse should be 
made to the various technical journals and to outside reading in 
order to develop the searching and observational attitude; and, 
also, to broaden the student’s vision. The dues should be nom- 
inal and while dessert is always welcomed by healthy students, 
it is a question in the writer’s mind whether a less frequent but 
more formal affair would not be preferable to the usual hot-dog 
and cocoa. 

In conclusion, the outstanding functions of the club should be 
to unite the various science students among themselves and with 
their professors; to give them an opportunity for self-expression ; 
to cause them to delve into the literature of their chosen field; 
to bring them into contact with the outside world by becoming 
acquainted with prominent scientists and by affiliating with 
state bodies; to replace the bookish aspect of their student career 
with a glimpse of practical conditions as they appear in the 
workaday world. 

The foregoing idea is exemplified concretely in the Science 
Club of Hanover College comprising 66 members, majors in 
biology, chemistry, geology, mathematics and physics, and their 
professors. This club meets every second and fourth Wednesday 
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last year, fourteen meetings were held including a public lec- 
ture and a picnic. At these meetings twenty-five different 
papers were read by students and four by professors. 


last year will indicate the character of the work carried on by 
this organization: 


“Concerning Alchemy,” by Roger Whitcomb. 
“Evolution of our Solar System,’ by Professor Navarre. 


Saxophone duet, by Jack Ingham and Johnnie Eckert. 


“The Function Concept in Geometry,’’ by Eugene Crouch. 
Violin solo by Bob Griffey. 


“The Pythagorean Theorem,’’ by Hope Rankin. 


the enrollment of an institution, both between the humanities 
and the sciences; and, among the sciences themselves, than a 
healthy, vig 


Note: This year (1928-29) we have procured an Acme Moving Picture 
Machine and through the services of the Indiana University Extension 
Division of Visual Instruction, we are able to procure regularly appro- 


Two projects for housing Europe's aircraft are being studied by the 


in Rome. Planes taxi up a 200-foot runway to the upper story, the 
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the month throughout the school year. Altogether, 


wing programs of two consecutive rival meetings held 


OCTOBER 26, 1927. 
by Hope Rankin. 
in the High School,” by John Maxwell. 
o by Margaret Bellamy. 


NOVEMBER 9, 1927. 


| Value of Physics,’ by Harland Harris. 
1e duet by Jack Ingham and Johnnie Eckert. 


» many snags on which a science club may wreck itself, 
ne interest on the part of the science faculty will pre- 
On the other hand, nothing tends more to balance 


rorous science club. 


wr the various meetings 


REVOLVING HANGAR STUDIED. 


* Transport Association, Chicago. One is a revolving hangar 
an air craft, which the German government is constructing 
5,000,000. Building the hangar floor on a swivel will enable 
pelins to take off without regard to the direction in which 
lowing which in turn will raise the safety factor in take-offs 


is the two-story hangar built by Mussolini at the airdrome 
eserved for smaller planes, pilots’ and passengers’ quarters 


1is country in many instances are becoming so crowded that 
is either at a premium or unobtainable.—-Science News- 
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CONTESTS IN PHYSICS—A REVIVER OF INTEREST. 
By Wa.TeER A. PREISCHE, 
Hebrew Technical Institute, New York City. 

Instilling interest into a physics course is a difficulty to some 
teachers and a problem to most. It is a difficulty to some as 
they are not aware of the methods and their proper use in the 
course. The problem for most teachers is the procedure of 
making use of the methods and suggestions at hand. 

My classes are all boys. I have always tried to learn what 
interests the boys have outside of the school and how they 
use their leisure time. Most of them I find are lovers of sports 
like baseball, football, and basketball. This gave me an idea 
which I have used with a great degree of success in tests or 
reviews. It takes away the stigma always attached to tests 
and examinations. 

Instead of announcing to my classes that we shall have a 
test on Friday and giving them warnings as to their negligence 
in studying, I merely say that Friday we shall have a baseball 
game or a football game. Immediately the boys want to know 
what portion of the work will be taken up in the contest. I 
tell them and they do the rest. Some teachers may think 
that I have an exceptional group of boys. Such, however, is 
not the case. They are just an average group of boys which 
always includes a wide range in intelligence. These matches 
are held every two or three weeks and may take in only the work 
covered since the previous contest, or that of the topic being 
studied since its introduction, up to the present time. 

Previous to the match the teacher prepares an elaborate 
list of questions dealing with the subject to be covered. These 
questions may be gathered from the text, laboratory work, 
practical applications, projects, references and boys’ questions. 
Some of the questions will be difficult and others rather simple. 
They are well mixed so that neither team shall be discouraged 
by getting the more difficult ones consecutively. In making 
up these questions the teacher must be careful not to be biased 
when questioning an individual. Avoid all discouraging factors. 
It is best to have them typewritten on file cards so that the boys 
may mix them before the contest begins. 

When the boys have come into the room and taken their 
respective seats the teacher divides the class into two groups 
by taking a given number of rows of seats on each side of the 
room. This may be done by allowing the boys to choose their 
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own teams. Then each team selects its captain for the day. 
In this way each boy has an opportunity to be the leader as 
no boy may succeed himself until the others have had the 
opportunity of being captain. After the two captains have 
been chosen a score board is placed on the blackboard to repre- 
sent innings of a baseball game or the quarters of a football 
game. On this scoreboard are placed only the incorrect answers 
in numbers, each answer counting as one. The team with 
the low score wins the contest. The captains of each team 
keep the scores for their own teams and these are checked by 
the teacher. Each round of the class constitutes an inning. 
In this way any number of innings may be played. 


Inning... I 2 3 i 5 6 j 
Team A l 3 3 6 . i s 1] 
Team B 1 l { 5 5 i 8 10 


The teacher then begins to ask the questions, first of a boy 
of team A and then of team B. By this method many difficulties 
that were dormant come to life and it gives the teacher an 
excellent opportunity to clarify any difficulties that arise. 


CO, MAY HELP IN PNEUMONIA. 


A new method of treating pneumonia, using carbon dioxide inhalations, 
may result from experiments reported by Dr. Yandell Henderson of Yale 
University. Dr. Henderson and his associates, Prof. H. W. Haggard, 
G. L. Birnbaum, P. N. Coryllos and E. M. Radloff, found the treatment 
valuable in a certain stage in experimental pneumonia. Inhalation of 
carbon dioxide has recently become widespread in the treatment of patients 
overcome by carbon monoxide gas poisoning. 

In patients after surgical operations, the collapse of the lung Is a Stage or 
factor in the development of pneumonia, which sometimes complicates 
recovery after operations. Dr. Henderson and his colleagues found that 
the same collapse is a stage in the development of pneumonia experimen- 
tally produced in animals by introducing pneumonia germs into the lungs. 
Inhalation of carbon dioxide inflates the collapsed lung, thus preventing 
the development of pneumonia. 

Dr. Henderson showed X-ray pictures of lungs that had been so col- 
lapsed. The picture also showed the rapid inflation or redistention of the 
lung when the experimental animal had been put into a chamber contain- 
ing 5 to 7 parts of carbon dioxide in 100 parts of air. The inhalation of 
the carbon dioxide induces deep breathing which redistends the lung. 

Dr. Henderson emphasized that the results of his experiments are not to 
be interpreted as promising similar relief in the cases of pneumonia which 
the physician meets in his practice. But the discoveries that collapse is a 
stage in the development of the disease and that this treatment counter- 
acts the collapse and reinflates the pneumonic lung indicates that here is 
a possible new means of controlling pneumonia, which is now a big cause 
of death.—wScience News-Letter. 
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A NEW RESPONSIBILITY IN CHEMICAL EDUCATION.* 
By Joun R. SAMPeEyY, 


Howard College, Birmingham, Ala. 


We should like to emphasize in the title of our discussion the 
words, ‘““A New Responsibility.”” We live in a world of change 
and a time of change. As conditions in society change, new 
responsibilities arise. The educational world moves slowly to 
meet these new obligations; the severe criticism brought against 
us on this score has resulted in marked improvement within 
recent years, both in the field of methods of presentation and in 
the selection of the subject matter taught. In the teaching of the 
sciences, however, I fear we have been caught off guard by the 
speed with which our scientific age has been thrust upon us. 
In chemical education, particularly, we are still following tradi- 
tional purposes even if our methods and subject matter are 
clothed in modern dress. In a word, we are trying today to 
make chemists out of the rank and file of our students when we 
ought to realize that the new responsibility brought on by the 
creative age in which we live is a challenge for us to give to the 
mass of our students a cultural appreciation of the science which 
is contributing so much to the progress of our time. 

There is a gradual awakening to the faulty purpose of our 
present type of chemistry course. High school and freshmen 
chemistry courses have always been taught with the purpose of 
fitting the student for advanced work in the subject, although 
it has been known that only a small proportion take more than 
one year. A recent survey of general chemistry at ten leading 
colleges and universities has shown that less than ten percent 
of the students pursue further chemical work; this percentage 
will be even less in the smaller colleges where cultural rather 
than professional ideals predominate. Prof. Walter M. Jackson 
revealed in a survey made at the Selma County High School of 
this state that of the students who took chemistry less than five 
percent ever pursued the subject beyond two years in college. 
The question, therefore, has been raised if a course designed 
primarily to meet the needs of such a small proportion can be 
consistent with our modern democratic ideals of education. In 
this age of specialization the student has a right to demand to 
know what chemistry does without being required to learn the 
how. The archeologist does not request that we learn the 


*Read at the Science Section meeting of the Alabama Education Association 
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hieroglyphics of the ancients before he permits us to study their 
civilizations. Neither will the chemical educator of the near 
future compel his students to attempt to master the technical- 
ities of the science in order to see how it affects their everyday 


lives. 

Another factor contributing to the realization of a new re- 
sponsibility in chemical education may be found in the growing 
dissatisfaction on the part of the instructors with the results 
achieved in the present order. Extensive education tests have 
shown that our efforts at drilling chemical theories and calcula- 
tions into the majority of the students have been largely in vain. 
The results of the Powers’ Tests on ten thousand high school 
students from many of the larger cities in the north and east 
are sufficient to make the instructor of college freshmen wonder 
if such an examination of his labors would make a similar show- 
ing. The privilege of judging what weight may be given these 
tests devised by our colleagues in the department of education 
opens the one avenue of escape which the teachers of both the 
high school and freshman courses in chemistry have been all too 
eager to follow. 

The most pressing demand of all for a new type of course has 
arisen from the commanding position chemistry has assumed in 
the industrial world since the World War. No other subject 
pursued by the student can bring him into a fuller appreciation 
of the industrial age in which he lives. While an examination 
of modern textbooks of first year chemistry reveals a marked 
increase in the space devoted to the commercial applications of 
the science, so much emphasis is placed upon the strictly theo- 
retical matter that the student fails to grasp the extent of the 
revolution chemistry has wrought in modern civilization. If a 
first year course in chemistry is not to give the student a clear 
understanding of the causes underlying the phenomenal growth 
of our modern industrial life, where in the curriculum of today 
is he to obtain such knowledge? It has been said that the hand 
upon the throttle of industrial progress is that of the chemical 
engineer. Let us list a few individual industries in order to show 
how true is this statement. 

In the migration of the textile mills from New England to the 
South Atlantic States, we are witnessing today one of the most 
rapid industrial revolutions of history. The modern rise of 
artificial silk, or rayon, cannot be comprehended without a 
knowledge of the four chemical methods for the manufacture 
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of the product from cotton or wood pulp. Again, the scores of 
valuable by-products obtained from the cotton seed are the re- 
sults of chemical research; a generation ago how to dispose of 
the cotton seed was a problem; today the profits from this waste 
product form an addition to the Southern planters’ income of 
several hundred thousand dollars annually. As a final illustra- 
tion from the textile field we may note the manufacture of 
rubber from latex; the synthesis of artificial rubber is an event 
long prophesied, but yet to be realized upon a large scale. 

In the Birmingham District we are conscious of the part 
chemistry plays in the iron and steel industry. In the metal- 
lurgy of the non-ferrous metals chemistry occupies even a more 
commanding position. Corrosion is the great enemy of our 
mechanical age; it is estimated that more than a billion dollars 
are lost annually from this source. The many industries or- 
ganized to combat corrosion are primarily chemical. 

Ours has been called an electrical age. The United States 
consumes more than eight hundred million horse power hours of 
electrical energy annually. The electro-chemical industries are 
too numerous to mention. 

In the field of building materials we again find many industries 
dependent upon chemistry. We shall list only cements and 
plasters, glass, synthetic resins, and paper. The discovery of a 
method of making paper from wood, instead of from rags, made 
possible the present expansion of the press, but our native 
forests are already proving inadequate to the ever increasing 
demand for paper, and the chemical engineer is seeking a sub- 
stitute for wood pulp in corn stalks and other cellulose material. 
The conversion of such waste products of agriculture into valu- 
able raw material for industrial use is destined to become a 
significant factor in the future adjustment of the so-called farm 
question. 

The sources and future developments in our fuels present 
interesting chemical problems. From the destructive distillation 
of coal we obtain crude by-products that are the raw material for 
an almost unlimited variety of chemical industries: coal tar 
dyes, perfumes, flavors and medicinals are perhaps the four 
most familiar classes. The low temperature carbonization of 
coal and the liquefaction of coal through hydrogenation are 
recent chemical developments of far-reaching significance in 
the conservation of fuels. The destructive distillation of wood, 
on the other hand, furnishes the most recent example of an 
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industry which has been driven into bankruptcy because of the 
success of synthetic chemistry in the manufacture of wood 
alcohol; the production of wood alcohol, or methanol, by the 
Germans from carbon monoxide and steam has been followed 
by the success in this country of the Dupont Corporation in the 
manufacture of wood alcohol by a quite different catalytic 
process. The production of petroleum synthetically is another 
interesting problem, for we all recognize that our oil reserve is 
limited. It brings some comfort to the American motorist to 
learn that he does not have to worry about the price of gasoline 
soaring above thirty-five cents a gallon, for synthetic motor 
fuels are today being manufactured in Germany for twenty-six 
cents a gallon. 

In the manufacture of fertilizers we have another important 
series of chemical industries. Insoluble phosphate rocks are 
converted into food for plants by the sulphuric acid treatment, 
or the electro-chemical process. In the development of the 
three methods for the manufacture of nitrate fertilizers from the 
nitrogen of the air there -has been erected a monument to the 
triumphs of chemical engineering that shall stand for years to 
come. Those politicians in Washington who advocate the manu- 
facture of fertilizers at Muscle Shoals are not aware of the fact 
that the Germans have for fifteen years been manufacturing 
nitrates by a process that requires only one fourth of the power 
demanded by the eyanamide process. 

There is no need to multiply further the illustrations of the 
service of chemistry to industry. The point we wish to empha- 
size above all else is that upon us as a group of educators there 
rests the responsibility of imparting this information that will 
so enrich the cultural side of the student’s life. To be ignorant 
of these contributions of chemistry to industry is to fail to com- 
prehend those forces which mark our age as distinct from every 
preceding one. 

To further emphasize the practical service to be rendered by 
discharging this responsibility, we may direct our attention for 
a moment upon the relation of these discoveries to other than 
industrial phases of modern life. 

The financial interests of the country are intimately related 
to industrial chemistry; at the recent Detroit meeting of the 
American Chemical Society Dr. Kettering, Director of Research 
of the General Motors Corporation, stated that a leading New 
York banker had recently confided to him that chemistry was 
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what made banking a hazardous profession. Many examples 
can be cited where well established industries have been driven 
to the wall as a result of chemical research; we have already 
referred to the fall of the wood alcohol industry through the 
discovery of synthetic methanol. 

The relation of chemistry to international peace is clearly 
shown in the monopolies which chemistry has broken and is 
striving to break. The German organic chemist broke the 
monopoly that Great Britain held through her indigo planta- 
tions. Chile no longer has a corner on the world’s supply of 
nitrate fertilizers after the development of the three successful 
methods of fixing the nitrogen of the air. Relations between 
the United States and England will become less strained when 
synthetic rubber frees us from the monopoly the British now 
possess. All nations will breathe more freely when the chemist 
discovers a way to free the farmer from the potash beds of 
France and Germany. 

The most important relation of all that may be derived from 
a cultural course is the comparison of the scientific method of 
thinking with that of other forms of current thought. The 
scientific attitude of mind may be learned from a consideration 
of such questions as: How has this remarkable scientific prog- 
ress been made? Under what conditions were the great dis- 
coveries made? How is a discovery developed from a laboratory 
curiosity to a factor of profound economic moment? What 
attributes of mind stamp the man of scientific achievements? 
Consideration of these and similar problems gives the student a 
clearer insight into the mental life of those directing the prog- 
ress of this creative age. Dr. R. A. Millikan, American Nobel 
Prize winner, said a few months ago in an address to the New 
York State Chamber of Commerce, “We need science in educa- 
tion, and much more of it than we now have, not primarily to 
train technicians for the industries which demand them, though 
that may be important, but much more to give everybody a lit- 
tle glimpse of the scientific mode of approach to life’s problems, 
to give everyone some familiarity with at least one field in 
which the distinction between correct and incorrect or right and 
wrong is not always blurred and uncertain, to let him see that 
it is not true that ‘one opinion is as good as another.’ ” 

The forces we have outlined thus far in our discussion are 
slowly arousing chemical educators to the new responsibility. 
At the national meeting of the American Chemical Society last 
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fall a lively symposium was held on cultural or pandemic chem- 
istry. Through personal correspondence with more than two 
hundred and fifty educators the speaker has found a wide- 
spread interest in the subject, and experiments in the teaching 
of the cultural type of course are being started in many institu- 
tions. The development will have to be gradual, for there are 
many difficulties to overcome. There are no textbooks in the 
field. Then there are many who wonder how it is possible to 
teach the applications before the student receives the founda- 
tions of theoretical chemistry. This is a real difficulty, but it is 
not insurmountable; in fact is it not due more to our point of 
view in that we have always been taught in this order, rather 
than to any innate shortcoming? The authors of the two 
volumes of ‘‘Chemistry In Industry,’”’ published by the Chemical 
Foundation, have succeeded to a remarkable degree in presenting 
industrial applications of chemistry to readers with little or no 
theoretical training in the science; while the books were written 
primarily for the use of high school students in connection with 
the prize essay contest of the American Chemical Society, they 
have found wide circulation among business executives and the 
cultured public. Why should not their method of presentation 
be adaptable to classroom use? Why has it been considered 
sounder pedagogy to present first a mass of theoretical matter 
with which the student has had no previous experience and for 
which he can see no use after he escapes from the course? Is it 
not more logical to present those facts about the operation of an 
industry which the student perceives should be a part of the 
equipment of an educated individual in this industrial age, and 
from this point let his own curiosity gradually lead him into a 
desire to know more about the why of the process involved? 
This is certainly the method by which knowledge of the theo- 
retical principles at the foundation of many industrial processes 
was developed at first. The educator who follows this method 
of presentation will be as surprised by the extent to which the 
student seeks theoretical interpretations as were the authors of 
“Chemistry in Industry” in the success of their experiments to 
interest the public. 

One other hinderance has been placed in the path of develop- 
ment of the cultural type of course by those who have never 
attempted to teach the subject. The criticism is made that such 
a course is superficial and a “snap.’’ We maintain that the 
standard set in any course depends more upon the ability, 
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training and interest of the teacher than upon the subject- 
matter. It is one thing to strive to make a course interesting, 
and it is quite another to seek to make it easy. No subject open 
to the high school student or the college freshman affords more 
opportunity to secure real work as the result of stimulating a 
compelling interest, than the opportunity which presents itself 
to the teacher of a cultural course in chemistry. Through 
timely quizzes and written tests the instructor who means busi- 
ness can quickly discover if a class is letting idle interest take 
the place of honest effort to comprehend the material presented. 

There are other difficulties to be encountered in the develop- 
ment of pandemic chemistry which we should like te discuss if 
the time permitted. In conclusion, however, let us invite your 
attention to one other service which I believe the cultural course 
is better adapted to render than our present professional type. 
The present method of teaching first year chemistry while 
emphasizing abstract theoretical principles has failed miserably 
in arousing the student, and through the student the general 
public, to the need for more research in pure rather than applied 
science. The situation is especially acute in the South. While 
the industrialists and the engineer have convinced us that our 
natural resources are being developed more and more according 
to the best scientific methods, and that the future of applied 
science is brighter here than in any other section of our country, 
the South is far behind in the contributions to theoretical science. 
Let us make two observations that will define unmistakably our 
position : 

In a recent issue of the journal Science a study was made of 
the geographical distribution of those scientists who had re- 
ceived the honor of election to membership in the nation’s 
most distinguished body of scientists, the National Academy of 
Science. New York State led with forty-seven members; Massa- 
chusetts was second with forty, Harvard University alone boast- 
ing thirty-five; out of the total membership of two hundred and 
thirty-eight, the whole southern half of the United States was 
represented by only one member. 

We do not have to search long to find a reason. Let us examine 
the material submitted to scientific journals by investigators 
located south of the Mason and Dixon Line. We shall limit our 
study to the one science, chemistry, a field in which we may 
speak with more authority. In chemistry there are many trade 
journals setting forth the commercial progress in this or that 
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industry, but the Journal of the American Chemical Society 
contains the leading contributions to the fundamental theoretical] 
development. Without passing judgment upon the quality of 
the work, let us determine the quantity. An examination of the 
pages of this journal shows that during the last seven years less 
than three per cent of the contributions were submitted by men 
from the South, and that there were three southern states which 
had produced only one article, and two which had failed to send 
in a single article during the years 1922-28, inclusive. It is more 
than a guess to say that a survey of the leading publications in 
the other physical sciences would disclose a similar showing. 

This is not the time or the place to analyze the causes or to 
propose a remedy for the position pictured above. We want to 
state, however, that the whole blame does not rest upon the 
scientists in this section; they are surrounded by conditions that 
are not favorable to research. Part of the responsibility rests 
upon the teachers of first year courses in science, for if they fail 
to arouse the public to the value of research in pure as well as 
applied science, to whom may we look? To any who may 
question the value of research in pure science these words from 
Herbert Hoover may induce them to investigate the subject for 
their own enlightenment: he goes so far in his tribute to the men 
in this field as to state, “There is no price that the world could 
not afford to pay these men who have the originality of mind to 
carry scientific thought in steps or in strides. . . . No one can 
estimate the value to the world of an investigator like Faraday 
or Pasteur or Millikan. The assets of our whole banking com- 
munity do not total the values which these men have added to 
the world’s wealth.” 


It is a truism that in the final analysis the public pays the 
bills for scientific research. If chemistry has fared better than 
the other sciences at the hands of the public, it is because we 
have succeeded in some measure in awakening the masses to an 
appreciation of the role the science plays in the everyday affairs 
of life. Upon the teachers of chemistry, more than upon any 
other group, rests the responsibility of keeping the public en- 
lightened upon the service of our science to humanity; as the 
theoretical and technical phases of the subject grow more com- 
plex, the task of translating the results becomes increasingly 
difficult, and the more the demand for teachers trained in the 
methods of instruction called for in the cultural type pf course. 
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PREDICTING SUCCESS IN FIRST SEMESTER COLLEGE 
COURSES IN PHYSICAL SCIENCE. 

M. Eustace Broom, 
State Teachers College, San Diego, Calif. 
AND J. W. LAwson, 
District Superintendent of Schools, Escondido, Calif. 

The modern college faculty adviser must use every prognostic 
measure available as a basis for his advice to students relative 
to the selection of courses. The best prediction of quality of 
college work is of material value to the college and to the student. 
The college cannot afford to take the student’s time seeking to 
compel him to learn work in which he has few qualifications 
that make for success. The student cannot afford to waste his 
time in college in such endeavor. The difficulty has been in 
finding a formula and in establishing a criterion which would 
allow the adviser to foretell accurately the nature of coming 
events. This study is concerned with presenting several bases for 
predicting success in the study of first semester college courses in 
the physical sciences and with pointing out the value and lack 
of value of these measures. 

The data used in this investigation was taken from the records 
of the State Teachers College of San Diego. The measures used 
included (1) average grade points per unit of credit in college 
physical science taken during the first semester of college work; 
(2) average grade points per unit of credit in high school physical 
science; (3) number of units (years of work) in high school 
physical science; (4) total equivalent score on the Thorndike 
Intelligence Examination, Series of 1925-1929; (5) decile ranks 
on the reading section of the Thorndike Intelligence Examination 
(Section III); and (6) decile ranks on the trade information 
section of the Thorndike Intelligence Examination (Part 5, 
Section II). Under the heading of physical science in high school 
the writers included general science, physics, chemistry, and 
physiography. Under the heading of physical science in college 
the writers included physics, chemistry, astronomy, meteorology, 
physiography, and geography. 

The high school record, pupil reactions to entrance examina- 
tion tests, and pupil reactions to one or more tests of mental 
ability have in the past included the usual bases for predicting 
success in college work. It will be noted that the writers have 
included two of these measures in their list. Only the high 
school record in the particular field of work, physical science, 
was considered, but in two directions, as to amount and quality 
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of work completed. The reading section of the Thorndike In- 
telligence Examination was included because “‘in the high school 
and university probably two thirds of all studying consists essen- 
tially in reading.’ Too, “reading is a tool which is useful in 
every high school subject and essential to most.’’? The trade 
information section of the Thorndike Intelligence Examination 
was included in the measures studied because it alone of them 
all seemed little likely to yield any adequate basis for prognosis. 
(It is a 6 minute test involving a very limited number of items in a 
highly specialized field. ) In the latter two cases decile ranks were 
used because they seemed a more adequate basis for comparing 
one pupil in the group with another. The decile ranks were 
those established for the 1233 students who have taken the 
Thorndike Intelligence Examination, Series of 1925-1929, when 
entering the local State Teachers College. 

Since the various high schools used different systems of mark- 
ing, it was necessary to reduce the different marks to a uniform 
system for comparisons. The weighting of the different marks 
in terms of grade points follows: 


A......excellent 93-100 percent 3 grade points 
B. ....good 88-92 per cent 2 grade points 
C. _..fair (average) 80-87 percent 1 grade point 
D.__..passing 75-79 percent 0 grade points 
F___.. failure Below 75 | grade point 


Table 1 included the measures of central tendency, of unre- 
liability, and of variability for the several series of measures. 














TABLE l. 
| Stand-/ C. of 
Measure | No.| Range Mean |P. E. ard V. 
|From| To | M. |devia-|(Pear- 
j tion | son) 
Average grade points per| | | | 
unit in college 185) ] 3 1.37] 057 | 1.16) 84.32 
Average grade points per| 
unit in high school . 185 | 3 1.77| .047| 0.92) 51.98 
Number of units of school | 
physical science.. 185) =O 3 1.76} .045) 0.91) 51.64 
Thorndike equivalent total! 
score... | 185] 27 | 107] 65.33) .719] 14.5] 22.20 
Thorndike reading test dec-| 
ile rank... | 185) 1 10} 6.39 127; 2.57| 41.60 
Thorndike trade informa- | 
tion test decile rank 185} l 10} 5.69) .137| 2.76) 48.61 





Starch, Daniel. ‘Educational Psychology, Revised Edition.” New York, The Macmillan 
Company, 1927. Page 194. 

Miles, Dudley H. “Can the High School Pupil Improve His Reading Ability?"’ Journal 
of Educational Research, 14: 88-98. September, 1926 
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This group of 185 students is a superior group in this college 
(if we accept total equivalent scores on the Thorndike Intelli- 
gence Examination as a criterion) since roughly 67 percent of the 
group reached or exceeded the college mean score (61.8, 1233 
cases). In order to determine whether or not this difference in 
mean score was a reliable one, the formula, D/sigma (diff.), was 
applied. The finding was 3.056, indicating that the true differ- 
ence (the difference between the true measures) would always be 
greater than zero. 

On the whole the marks for these students were higher in high 
school courses in physical science than in college courses in 
physical science. The distributions are shown in Figure 1. It is 
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Figure 1. DistripuTion or Pxysicau 
Science Marks IN HiGcu ScHoou AnD IN 
COLLEGE. 185 Cases. 
of some interest to note that the reliability of the difference 
between the mean mark in high school and in college courses in 
physical science for this group was 3.70, indicating that the 
difference would always be greater than zero. 
Table 2 includes measures of relationship and of lack of rela- 
tionship for the several paired series of measures. 


All of these coefficients are low. The highest is that between 


the paired series of total equivalent scores on the Thorndike 
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TABLE 2. 














Measures compared with average grade | Num- r P.E.| k 
points per unit of physical science in ber Pear- r 
colle Be son) 

Number of units in high school physical 

science 185 141 .049 | .990 
Average grade points per unit of physical 

science in high school.. fetid 185 313 | .045 | .950 
Thorndike total equivale nt scores... 185 355 | .043 | .935 
Thorndike reading test decile ranks... 185 mx 9 .047 .978 
Thorndike trade information decile ranks 185 .123 | .049 | .992 








Intelligence Examination with college average grade points per 
unit in physical science. The findings of the Thorndike Intelli- 
gence Examination, therefore, must be accepted at present as the 
best criterion for predicting success in study of college physical 
sciences during the first semester’s work, at least. Even this 
measure is only 6.5 percent better than a guess, allowing us to 
predict exactly 53 times in each 100 cases. 

It is necessary to guard against too negative a conclusion. For 
practical purposes, we do not greatly need measures which will 
predict success throughout the entire range of the scale which is 
the criterion. The college adviser is chiefly concerned with 
knowing whether a pupil will achieve success in a subject, and 
not with predicting the exact mark which the student will earn 
in the course. The adviser needs, then, a critical score and a 
statement of the probability that the student will do passing 
work. The correspondence of the criterion point-for-point with 
marks is of relatively minor importance. It must be kept in 
mind, too, that college study and success depends quite largely 
upon character traits which sometimes are evidenced in college 
for the first time.* The findings of the present study indicate 
that total equivalent scores on the Thorndike Intelligence 
Examination or other similar standardized test of mental ability 
are the best guides for practical educational guidance of students 
wishing to enroll in college courses in physical science. 


*Broom, M. Eustace. ‘‘Constancy of Achievement in High 
School Teacher, 4:81. February, 1928. 


HOOVER GIVEN MEDAL. 

President Herbert Hoover received the highest award of the engi- 
neering profession when he was presented the John Fritz Gold Medal for 
1929 on Thursday, April 25. 

Four leading engineering societies, the American Societies of Civil, 
Mining and Metallurgical, Mechanical and Electrical Engineers, joined an 
awarding the medal annually for ‘‘notable scientific or industrial achieve- 
ment without restriction on account of nationality or sex.’’ President 
Hoover was awarded the medal tentatively and without announcements 
in October, 1927, while he was still Secretary of Commerce.—*Science 
News-Letter. 


School and in College High 
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THE TEACHING OF PHYSICS. 
By C. R. Fountarn, 
George Peabody College for Teachers, Nashville, Tenn. 

An article on ‘The Plight of College Physics” by Dr. John G. 
Frayne in the April number of this journal has caused consider- 
able discussion and evidently merits careful consideration by 
everyone interested in education. 

There is much ground for the pessimistic attitude of Dr. 
Frayne and I heartily agree that most of his points apply to 
many of the colleges and universities. Nevertheless, he is evi- 
dently not aware of some of the tendencies in science teaching 
nor of the results of certain studies in the methods of teaching 
physics. 

It is true that the reports of the Educational Committee of the 
American Physical Society are not discussed in the regular meet- 
ings of that society; but most of the physicists get the reports. 
Extracts of that committee’s report were published in this 
journal in November, 1927. Local discussions and many benefits 
have developed as a result of these reports. 

According to the preface of a recent text-book of ‘‘Physics for 
College Students” there is at least one exception to the state- 
ment that there is no “course anywhere today that is designed 
to arouse the intelligent interest of the student,” in the liberal 
arts courses. Even Dr. Frayne cites the case of a small Wisconsin 
college sending more students to the graduate schools of physics 
than a neighboring university with more than twenty-five times 
as many students. There are other exceptions. However, in spite 
of the evident need for many more applications of the principles 
of physics in our daily lives, the decreasing percentages of 
students electing physics in the high schools and in the colleges 
‘all for concerted action by all those interested in-developing 
the type of education most beneficial to mankind. A widely 
disseminated knowledge of the basic laws of nature will surely 
help all of us to live together in greater comfort, peace and 
safety than an equal distribution of any other form of knowledge. 

While it is true that comparatively little has been published 
so far on the methods or on the technique of teaching physics, 
various researches have been made and others are under way. 
Reference should be made to such investigations as those by 
Kiebler and Woody on “The Individual Laboratory versus the 
Demonstration Method of Teaching Physics,” and to some of the 
other investigations referred to in ‘‘Investigations in the Teach- 
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ing of Science’ by Curtis. Some of the conclusions drawn from 
these investigations may be based upon insufficient data, yet 
researches of this kind are vastly more productive of progress 
in the art of teaching than any of the quantitative tabulations of 
what has been, or is being, used in the way of subject matter 
or of the popularity of the various methods of presentation. 

Even though “in 1928 we are teaching physics very much as 
it was taught in 1900, while the subject matter in the meantime 
has been almost entirely rewritten,” there have been many 
notable exceptions. Courses in the “Teaching of Physics’’ have 
been given at various institutions for many years, as shown in 
the recent report by Miss Alice M. Van De Voort on ‘‘The Teach- 
ing of Science in the Normal Schools and Teacher’s Colleges,”’ 
one of the Teachers College, Columbia University, Contribu- 
tions to Education. While Dr. Frayne believes the laboratory 
“experiments are almost without exception isolated pieces of 
work,” “described in a manual in such a manner that the student 
rarely has to use any imagination in performing them,’’ many of 
us have been insisting for years upon a strict correlation between 
all the different elements of instruction in the elementary courses. 
We believe that a complete outline of the whole year’s work 
should be made out in advance, so that the fundamental physical 
concépts may be presented through the laboratory, lectures, 
problems and recitations in the proper order to create and 
maintain an interest in the phenomena, in their applications and 
in their bearings upon our daily lives. To do this, all the 
students must perform the same experiment between two con- 
secutive recitations on the subject matter assigned. This method 
requires many duplicates of the laboratory apparatus and many 
sections for the laboratory work, but the results seem to justify 
this expenditure of money and time. 

The ‘Elementary Course in Physics’’ developed at George 
Peabody College for Teachers in 1915 and taught there every 
summer since then, treats the laboratory work as the ‘‘directed 
experience’? which should teach the most important laws and 
principles. The laboratory directions are interspersed with 
leading questions, asked at the time these experiences will sug- 
gest the answers, and finally a survey of these individual answers 
should enable one to answer the last question which involves 
the fundamental law or principle the experiment was designed to 
present. Final problems are then given, requiring for their 
solution the applications of this law or principle as it might 
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appear in their daily experiences. The data and the answers are 
recorded in their final form as the experiment progresses, and 
the record is handed in at the close of the laboratory period. 
Following this the student is expected to study a text assignment 
which includes a statement of this law or principle (in more 
concise language, perhaps, than the student had expressed it), 
and also many applications of it in various phases of life. Prob- 
lems should then be worked out and handed in at the next lec- 
ture or recitation. The instructor can clinch the proper con- 
ceptions of the physical principles in the minds of the students 
by making applications to local conditions and by explaining the 
more difficult problems involving the principles. 

When the laboratory is used merely to verify some law, the 
student has very little interest in the outcome of the experi- 
ment. He may enjoy playing with some new instrument, or 
he may be so engrossed in obtaining a small percentage of error 
that his observations become greatly biased, while the funda- 
mental principles involved make very little impression upon him. 
When the laboratory work presents, through a process of reason- 
ing from one’s own observations, the fundamental laws and prin- 
ciples, the apparatus must be very simple, so that little time is 
lost in learning how to use it. It must also be sufficiently accu- 
rate, that even in the hands of a moderately poor observer, the 
principles involved will be quite evident. Many new types of 
simplified apparatus had to be invented before this type of 
course could be carried out successfully in all of its phases. No 
publicity has been given to this course, because it did not seem 
wise for the average teacher to try to use it until the special 
apparatus, needed for the successful use of this method, could 
be made available. So far, the laboratory manuals designed for 
this course have been restricted to the use of teachers who have 
seen and handled the apparatus specified therein. The primary 
object of such a laboratory course is to lead the student to think 
out from his own “‘directed experience” the reasons for all the 
phenomena he observes. This method has been advocated by 
several noted teachers and has been used by some of them in the 
cases of a few of their experiments. 

In an article in Science for April 12, 1929, W. S. Franklin 
states in his conclusion that, in the teaching of physics, ‘The 
only object worth talking about is training in analytical think- 
ing. Increase of our powers of thought is the greatest gift of 
the sciences to mankind.”’ It is the belief at Peabody College 
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that the most important function of a teacher’s college is the 
training of teachers in the methods that will best develop that 
type of analytical thinking which Franklin believes so important. 
Of course, much research is required to find the most effective 
methods for training such powers of thought. 


ARE WE TEACHING SCIENCE? 
By D. H. PALmMeEr, 


Long Beach Junior College, Long Beach, Calif. 


‘* . .. it is probable that the power of propaganda which 
science has placed in the hands of second-rate men is the most 
fundamental danger which confronts civilized men” is a state- 
ment made by Wiggam in The Next Age of Man.'! ‘‘Propagand- 
ism now abounds as never before . ... The mob mind less 
and less needs the stimulus of the physical crowd. The moving 
picture, the illustrated newspaper, and the radio supply in 
increasing measure the lack of physical contact’ writes Kil- 
patrick, and another eminent educator states “Whoever is 
concerned about his education should be on his guard against 
propaganda. He who assists in the education of another should 
be doubly cautious. ... An epidemic itch for manipulating 
the public has infected the whole population.’” 

If these statements are true, and one need take but a short 
glance at our age to confirm them, why have the people generally 
seemed to remain so uncritical and easily duped in this so-called 
age of science? Is it a condition that prevails in spite of scien- 
tific training or is it a natural result of our methods of teaching 
science? 

It is well at times for us to stop and analyze our methods of 
teaching science to see if we are contributing anything to the 
life of the student other than helping him to acquire a few scien- 
tific facts and principles. In the physical sciences particularly 
where much of the subject matter, as now given, is quite mathe- 
matical and abstract there is danger of overlooking entirely 
some of the fundamental concomitant learnings that should 
result from such courses. ‘From the humanistic as well as from 
the purely intellectual point of view, in fact, the general acqui- 
sition of scientific knowledge is of far less consequence than the 


'Wiggam. The Next Age of Man, page 324. 
*W. H. Kilpatrick. Education for a Changing Civilization, page 67 
‘Everett Dean Martin. The Meaning of a Liberal Education, page 45-46 
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inculcation of the scientific habit of thought.’’ 

Much has been written and a great deal said about the “scien- 
tific attitude” and instilling the “scientific spirit’’ but there seems 
to be much confusion about the meaning of these terms and 
how such characteristics are acquired. Most science teachers 
make the assumption that the students taking their courses 
somehow gain a part at least of that noble spirit which is sup- 
posed to characterize the true scientist. However, if one were to 
study the reactions that students in chemistry or physics, for 
example, make to the propaganda that assails them from all 
sides it is doubtful if they would show any more or as much 
intelligent discrimination as like students in history or the social 
sciences. We spend our time lecturing on and discussing the 
“findings’’ of science and miss the whole scientific point of view, 
i. e., the critical survey of all untested ideas and generalizations. 

The person with a real scientific outlook will only assimilate 
that which has been gleaned from a thorough experimental 
procedure, no matter what phase of his life is involved. He 
will necessarily recognize his own prejudices, likes and dislikes, 
and make his judgments accordingly, but all untested thought 
is held in abeyance until the laboratory—enclosed or otherwise— 
proves or disproves the previous assumptions. This is the criti- 
cal attitude the real scientist maintains toward any new field of 
investigation. We need more of this attitude in government, 
politics, business,and certainly more in the laboratory and 
science class room. As science teachers we have become propa- 
gandists for scientific facts rather than teachers of the thinking 
and judging process. 

Can this, the real essence of all our science, become a part of a 
student’s education in physics? Psychologists tell us that there 
is very little carry over in learning unless the situations are 
similar. Only in the case identical elements are present will 
learning function in a new situation. Curtis’ has shown that 
such identical elements can be introduced into the science class 
room and that “a little instruction in scientific attitudes pays 
large dividends.’”’ We must, then, occasionally stray away 
from our textbooks—which a little careful study will show,’ in 
the case of most textbooks in college physics at least, to be 
neither up-to-date nor scientific. Attention should be called to 
the half-truths and whole lies that we meet daily in the form 


‘Frederick Barry. The Scientific Habit of Thought, Preface 
‘Francis D. Curtis. Investigations in the Teaching of Science, page 112 
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of advertisements for cigarettes, radios, deodorants, and what 
not. Astrology, powwowism, and “isms’’ of all kinds seem to be 
on the increase. The American Association for the Advance- 
ment of Science and the Association of University Professors 
have at last awakened to the anti-educational spirit that is 
dominating certain sections of our country. A similar awaken- 
ing should come to all who believe in the application of the 
scientific method to the solution of our problems. 

‘The cali to teach science is not new, but sober thought must 
question our present success in answering the call. Superstition 
still abounds. That modern science should have made possible 
tall structures which, paradoxically, refuse to have thirteenth 
floors, carries with it a lesson which education cannot afford to 
ignore.”® We need, then, as teachers of science to recognize 
our obligations to a “changing civilization”? and bring to the 
foreground some of the fundamental values of scientific thinking 
and reveal the implications of such thinking to all aspects of life. 


*W. H. Kilpatrick. Education for a Changing Civilization, page 6 


FLY-WING MEASURES STARS. 


Using bits of the wing of a fly, hung on a thread spun out of a rock, 
to measure the radiation of a star billions of miles away, sounds like a 
fantastic mediaeval fairy-tale. But it is sober, twentieth-century scien- 
tific fact. It is actually being done. 

Dr. Charles G. Abbot, secretary of the Smithsonian Institution, told 
how it is being done. Light is a form of energy, and therefore can push 
things. Most things do not feel the push because they are too heavy. 
But we can see light pushing a fairly solid object pretty rapidly in the 
little whirligig-things in an optician’s window. It takes full sunlight to do 
this, and full sunlight is millions of times as strong as the faint, twinkling 
ray from a distant star or planet. 

But the fly-wing apparatus is built on essentially the same principle as 
the radiometer—that’s the real name of the whirligig-thing in the opti- 
cian’s window. Bits of the wings of common flies, about one-twenty- 
fifth of an inch high and one-seventy-fifth of an inch broad, formed the 
basis of the apparatus. Three of these bits were joined together, forming 
a T-shaped figure. A second T was hung opposite this, with an air-space 
of one-two-hundred-fiftieth of an inch between them. They were sus- 
pended on a thread spun from melted quartz finer than a spider’s web, 
and offering almost no resistance to twisting. 

Light permitted to fall on one side of the apparatus, which had been 
blackened like the vanes on the optician’s radiometer, made it swing 
round. How much it swung could be measured by a tiny light-beam 
reflected from a mirror mounted with the vane, to a graduated scale 
twenty feet distant. 

With this almost unimaginably delicate apparatus it has been possible 
to detect the force and analyze the variety of light received from the 
planets and from stars as small as 3.5 magnitude—among the smaller 
stars visible to the naked eye.—Science News-Letter. 
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SCIENCE DEVELOPMENT. 
By LAWRENCE LAWVER, 
Freeport High School, Freeport, Ill. 


Introductory Note. 

In one of my courses of instruction I have had the pleasure of having 
Mr. Ray C. Soliday, a teacher of science at Freeport, Illinois, as one of 
the students. During that course of instruction Mr. Ezra Meeker, one 
of the Oregon Trail pioneers who died a very short time before what would 
have been his ninety-eighth birthday last December, visited the class 
and talked with them about some of his experiences in the earlier days 
of this country. Later I suggested to the students in this course that they 
might find it interesting to have high school pupils prepare papers on 
conditions of science development in Mr. Meeker’s earlier days and now. 
The following article is one of the results of that suggestion. I have 
asked Mr. Soliday, the teacher, and Mr. Lawver, the pupil, to permit 
ScHooL ScteENCE AND Matuematics to publish the article. 

Otis W. CALDWELL. 

Science has developed so rapidly in the past fifty years that 
the early pioneers can not realize that this is the same continent 
which they once crossed in covered wagons. 

Most of the early pioneers have passed away. Many of them 
did not leave any record of their lives while others left very 
valuable information. Ezra Meeker was the only one who kept 
a complete record of events to the end of his life. He not only 
wrote books and newspaper articles about his life and the early 
pioneer days, but at the end of his life he was constructing monu- 
ments along the Oregon Trail in honor of those who gave their 
lives so that the Oregon Territory might be settled and become 
a part of the United States. Meeker would have completed this 
work had he not died so soon after starting the movement. At 
the present day this work remains unfinished. 

Although he did not complete this work, we are thankful that 
he left us many interesting magazine articles and some very 
wonderful non-fiction books. It is from Ezra Meeker’s great 
writings that I have secured for you a brief record of the scientific 
development of the past fifty years. 

People fail to consider our great scientific advancement until 
they compare the science of today with that of the past, and that 
is what the remainder of this article is to bring about. 


Roaps Now AnD Roaps THEN. 

Today we have concrete highways that connect nearly every 
city with some adjacent city. These roads make it possible for 
us to travel from one city to another very rapidly and smoothly. 
Today we do not have to contend with mud in rainy weather or 
with dust in dry weather. 
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In the early pioneer days the settlers did not have cement 
highways, but they did have a few stretches of wooden road. 
These roads were to be found where the mud was the very 
deepest, although there were many other mud holes that were 
not filled in; consequently the travelers often endured many 
weary hours of strenuous labor. 

The slippery roads and the mud holes that lay in their path 
were not the only inconveniences with which they had to contend. 
Ezra Meeker tells us in one of his short stories how they had to 
put up with the dust on the long, weary Oregon Trail: 

“We arose early, one hot September morning, in order to get 
an early start so that we might reach the river that lay about 
fifteen miles ahead. The day before there had been no wind, 
but this morning there was a little breeze. We traveled hard all 
that morning, tramping through dust nearly ten inches deep 
while the sun beat down as if it were trying to bake us. The 
same afternoon the breeze increased until it was a violent wind. 
The furious wind caused us to halt, cover our oxen with blankets, 
and craw] into the wagons for protection. If we had tried to go 
further, we would have been blistered raw by the scorching sun 
and dusty air, and perhaps blinded, as many of the straying 
cattle were.”’ 

Some of us forget what our predecessors have endured; some 
of us appreciate too little the long, white highways of today that 
lead us quickly and without difficulty to any desired destination, 
from coast to coast, from Canada to Florida. 


BripGEs Now AND BriIpGEs THEN. 

Another mark of our advancement is found in the many 
bridges which lend facility to modern travel and business. 

If all the bridges of the present day were to collapse, the 
world’s commerce would cease. The intercourse between nations 
would probably carry on for some time; however, the nations 
would be unable to secure any materials from their more inland 
cities. 

It is probable that all the exports and imports between the 
nations would die out after six weeks time. Within that time 
the nations would have used all the goods between the coast and 
their first inland streams. From that time on, our commerce 
would not be a great deal larger than that which existed when the 
United States was first being settled. 

When the pioneers were crossing the continent there were no 
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bridges, but at a few of the stream crossings there were ferries 
that carried them across. Although there were a few ferries at 
the beginning of their trail, there were none in the latter part. 
It was at these places that the early pioneers lost a great deal of 
time. 

In all of Ezra Meeker’s stories that I have read I can recall 
only one incident when a stream was of any value to him. He 
writes: 

‘My supplies were running low and I had no money. My only 
hope was to reach the next large stream before my supplies were 
completely gone. Fortunately, I did reach a deep and wide 
river still having enough food left to last about two days. The 
first thing that I did when I got there was to run my wagon into 
the river to mark the places where wagon box leaked. After 
taking from the wagon box every possible useless piece, I then 
filled the holes with ‘Indian Clay’—that was what I called it 
because I had learned some time before from the Indians how to 
prepare a wagon box with it so that it would not leak. I left the 
clay to bake for a day in the scorching sun so that it would dry 
thoroughly. The next day I began my work ferrying families 
and their supplies across the stream. I charged each family only 
five dollars, but at the end of two weeks I had enough money to 
complete my journey.”’ 

Compare that for a moment with this bridge-spanned con- 
tinent where one seldom finds, in ordinary travel, an unbridged 
stream or river. Do you not wonder what expression of surprise 
would beam from the faces of our great-grandfathers were they 
permitted to return today to gaze upon the mammoth bridges 
that carry our trains across water or lead auto traffic to safety 
on the other side? 

LAND TRANSPORTATION Now AND THEN. 

In our modern land transportation, the train is of highest 
importance. If it were not for the train, many of the large 
companies of the United States would not prosper, for without 
our present day invaluable freight service our companies would 
be unable to ship their merchandise in such large quantities. 

But the train is not our only means of land transportation. 

We have the automobile that is used for pleasure trips and 
business. One of the most important things in a business man’s 
life is his automobile. During the week it carries him from his 
home to his office, and from his office to his home. Then comes 
the day of leisure. There is nothing that a business man craves 
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more than a short trip into the country where fresh breezes are 
perfumed with clover, and the apple blossoms burst in the sun. 

It is not very often that we have trouble on these trips, but 
when we do have difficulty, we think it is a ‘“‘crime”’ that we have 
to walk a few miles to a farm house in order to get help. Little 
would we think of a two mile walk if we were to compare it with 
Ezra Meeker’s trip from Lockland, Ohio, to Attica, Indiana. 
Read what he says: 

“Our move to Indiana was a very important event in my boy- 
hood days. This move was made during the autumn of 1839, 
when I was but nine years old. I vividly remember the trip, for 
I walked every step of the way from Lockland, Ohio, to Attica, 
Indiana, about two hundred miles. There was no room in the 
wagon for me or my brother Oliver. It was piled So heavy with 
household goods that little space was left even for mother and 
the two babies, one yet in her arms. But we lads did not mind 
riding on Shank’s ponies. The horses walked so briskly that we 
had to stick to business to keep up with them. We did find 
time, however, to throw a few stones at the frisky squirrels, or 
to kill a garter snake, or to gather some flowers for mother and 
the little ones.” 

The journey was interesting for two lively boys, but show me 
two boys of today who would be willing to set out on such a trip. 
More probably they would say, “Oh, well, if Dad can’t let us 
use the Buick, we can take this $50.00 we got for Christmas and 
buy a collegiate Ford. Any old time we'll walk that far!” 

Homes Now anp Homes THEN. 

The homes of today are very modern, due to the discoveries 
made by great scientists. 

In our homes we have electric lights so that we do not have to 
strain our eyes. Our mother’s work is lightened a great deal 
by the new electric washer, and her tiring hours are decreased 
likewise by the electric vacuum sweeper. There have been a 
great many electric inventions since the discovery of electricity. 
We owe a great deal of credit to Franklin and Edison, the most 
outstanding electrical scientists. 

Today our homes are heated with the very finest furnaces, 
equipped with the most modern plumbing systems, lighted by 
the wonderful electric light system, and furnished with the very 
finest of furniture. All these things have been brought to us 


through scientific development. 
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We would be more satisfied with our homes if we would look 
back to the homes that were first built in the Oregon country. 
The following is a description of Ezra Meeker’s first home, so 
that we can compare the homes now with the homes then: 

“With my mind’s eye I can see our first cabin as vividly as on 
the day it was finished. It was placed among the trees on a 
hillside, with the door facing the beautiful Columbia River. 
The cabin was built of small, straight logs. The ribs projected 
a few feet to provide an open front porch—not for style, but for 
the storage of dry wood and kindling. The walls were built a 
scant five feet high, and the roof was not very steep; and there was 
a large stone fireplace and a chimney. The cabin was not large 
nor did it contain much in the way of furnishings; but it was 
home—our home.” 

But home today means much more than bare necessities; it 
means hundreds of time-saving appliances to lighten the 
drudgery of old; it means light, and warmth, and color, and 
artistry, and ease. 

EpucATION Now AND EpucaTIon THEN. 

One of the greatest present day advantages lies in the field of 
education. In the year of 1800 there were no more than 500 
schools in the United States, but at the present day we have more 
than 260,000 public schools. 

People are becoming more and more educated. There are a 
great many reasons for this, but the most important one is that 
we have such very fine schools. The pupils in the schools are 
taught by the very best of teachers. 

In some school districts they furnish busses to bring pupils to 
school, because the country pupils are as welcome to an educa- 
tion as the city children. 

In the very best colleges they have agricultural departments 
so that boys may learn how to cultivate the soil properly. If it 
were not for these agricultural courses, the farmers would not 
be able to raise such large and excellent quantities of products. 

When the Oregon country was first being settled, there was 
not one school in the whole territory. The following conversa- 
tion carried on between Ezra Meeker’s children and one of their 
neighbors will give you some idea of how the children in those 
days were educated. 

“One day one of our three far-off neighbors, who lived about 
four miles away, came to visit us. Naturally the children flocked 
around him to hear his stories in broad Scotch and to ply him 
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with questions. In turn he began to ask them questions. One 
of them was, ‘When do you expect to go to school?’ 

“* ‘Oh, we have school now,’ responded the children. ‘We have 
school every day.’ 

‘And, pray, who is your teacher, and where is your school 
house?’ 

‘“* ‘Father teaches us at home every morning before breakfast. 
He hears the lessons then, and mother helps us too.’ 

‘“‘*Your father told me awhile ago you had your breakfast at 
six o’clock. What time do you get up?’ 

“*Why, father gets us up at four, and that gives us an hour 
while mother gets breakfast, you know.’ ”’ 

How different are the conditions today for the youngsters who 
lie abed until 7:30, when mother calls them to “Get up and dress 
for school.’’ Then after an electrically prepared breakfast served 
in a pale green enameled breakfast nook, they slip into warm 
coats, mount a street car at the corner, and in ten minutes 
arrive at a beautiful massive stone structure with many windows 
and brilliant corridors. This building is significant of the heights 
to which present day education has arisen in its rapid progress. 


CONCLUSION. 


These are but a few of the examples that suggest the stu- 
pendous strides science has taken in the last century. The 
progress of the years, especially in the development of highway, 
bridges, trains, autos, homes, and education, is amazing in its 
magnitude as it has been overwhelming in its rapidity. 


ONION ACID HALTS DISEASE. 

An acid in an onion which kills a parasitic fungus when it attempts to 
prey upon it, thus playing the part of a vegetable antitoxin, has been 
isolated and chemically identified by three University of Wisconsin 
scientists, Dr. J. C. Walker, Dr. K. P. Link and Dr. H. R. Angell. This 
discovery is believed to be the first of its kind ever made. 

The first clue was given by the fact that white onions were susceptible to 
the disease, while certain strains of colored onions were not. A search was 
made for some substance present in the colored onions and absent in the 
white ones that would stop the growth of the fungus. This was even- 
tually found, and upon analysis was shown to be an acid of the phenol 
series, known to chemists as proto-catechuic acid.—Science News-Letter 
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DIAGNOSTIC AND REMEDIAL REVIEW OF THE FIRST THREE 
SEMESTERS OF ALGEBRA. 


By W. J. Kuopp, Ph. D., 


Director of Teaching, Woodrow Wilson High School, 
Long Beach, Calif. 


IN COLLABORATION WITH 
Lesuie J. Nason, Woodrow Wilson High School, 
AND 
Karu K. Herman, Long Beach Junior College. 


One of the outstanding problems confronting the teachers of 
mathematics in the High School and Junior College grows out 
of the need of a more efficient and effective review of the funda- 
mental prerequisites. The usual procedure is to cover, in rapid 
succession, the main problems or exercises of successive chapters 
in the preceding courses, and trust to some mysterious proc- 
ess for the ultimate mastery of those fundamentals essential 
to an appreciation and understanding of the new concepts to 
which the fundamentals are to be applied. The old procedure 
has proved fatal to many cases and extremely ineffectual to 
many others, resulting in great mortality before the new course 
is half completed. 

When our teachers consider the fact that pupils are frequently 
found in advanced courses in which exposure to the elementary 
courses had not been very effective or had faded out from age, 
it is not difficult to appreciate the major causes of mortality. 

The real problem then is to reduce the economic waste result- 
ing in a poorly organized review, by selecting from the advanced 
course in mathematics to be studied, the fundamental algebraic 
concepts which are the tools for mastery of the new material. 
The next step in the process is the organization of the concepts 
into “‘teaching units” involving initial tests with selected type 
problems to serve as drill units and references to supplement 
each drill unit. Each ‘‘teaching unit’ also contains diagnostic 
tests for pupil self-mastery. The unit mastery-test is a com- 
posite of all the type problems in the unit which each child must 
pass before he is permitted to advance to the next unit. 

An analysis of the algebraic concepts found in a course in 
trigonometry was made, resulting in the organization into seven 
teaching units of those fundamental concepts which are basic to 
complete mastery of the several units of trigonometry. The 
first unit contains elementary manipulations, including the four 
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fundamental operations, and aggregation and substitution. 
Instructions as to procedure are carefully given and in terms 
comprehensible to the pupil. Following these instructions is a 
drill test on fundamentals consisting of selected type problems 
involving all necessary concepts to test the pupil on the compre- 
hension of those concepts mastered in previous courses. The 
results of this test form the basis for self analysis of the pupil. 
If the pupil masters the first drill test he applies for a mastery 
test. If he obtains mastery he passes to the next unit. If he 
fails in one or more problems he follows the instructions of the 
unit and goes to the drills covering those special type problems 
which he failed to master. After he satisfies himself that he now 
understands the principles involved in the unit, he takes the 
second drill test of this unit and if successful he goes to the next 
unit. 

Provision is made for a drill on every type problem in the 
initial test supplemented by exercises and references which are 
made available to the pupil, and selected corrective problems. 

In order to test the effectiveness of this unit, the mastery test 
was given to two classes in College algebra after they had 
covered, in review, the material of this unit in nine recitations 
with the results shown in Table 1. 

Table 1 shows the number of college algebra pupils succeed- 
ing in the mastery of each problem in the mastery test of Unit 1. 


TABLE lI. 
No. of test No. of pupils 
problems obtaining mastery 

1 ] 

2 I 

3 1 

4 3 

5 6 

6 7 

s 10 

9 9 
10... 14 

11 9 

12 2 
Total 63 


This table should be read as follows: one pupil mastered one 
problem; seven pupils mastered 6 problems; two pupils obtained 
complete mastery. 

It is obvious that, after nine days of teaching by the 
ordinary method and without the guidance of this unit, a very 
small percent obtained complete mastery of the fundamental 
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operations, the most essential tools in mathematics. 

Here then is a typical illustration of what happens to pupils 
in a review conducted the traditional way. ‘Twenty-nine pupils 
were able to solve but seven of the eleven type problems. If the 
instructor failed ten per cent of the group it is obvious that any 
pupil able to solve five or more was passed, even though he was 
unable to solve the remaining six type problems successfully. 
If each unsolved type problem represented a selected type of 
mathematical concept essential to success in the new field of 
mathematics then it is fair to assume that a relatively low 
degree of performance was all that could be expected of those 
who solved as few as five or six of the mastery test. 

The instructor of the two Junior College classes spent one 
period in explaining the purpose of the first “teaching unit’’ 
with the result that 53 per cent achieved complete mastery on 
the next day, and were ready to begin the work on the first unit 
in the new course which was explained the following day. At 
the end of three days all but one had completed the first unit of 
review Algebra and were well under way on the first unit in the 
assigned course. 

The teacher of the two High School classes in Plane Trigonom- 
etry followed the same procedure as did the teacher of the college 
classes and 50 per cent of his group obtained complete mastery 
on the first trial, and all completed mastery in three days. 

Very little pupil guidance was required after his introduction 
to the first unit. It became a unique self-mastery proposition 
and proved to be self-motivating. An interesting example of 
the effective value of the unit to one whose exposure to Algebra 
was age-worn was that of a boy who had been out of school four 
years. He had completed two years of algebra but upon the 
first trial test could not correctly solve a single problem on 
the four fundamental operations. This was a challenge to 
him and he obtained complete mastery in four days. 

The complete Algebra review consists of seven units, and 
each unit is assigned for mastery as the need arises so as to 
sustain pupil interest in the progress of the new assignment. 
There is grave danger in cramming too many tools into the child’s 
intellectual tool-chest before he has need of them. 

In contrast with the results as shown in Table 1, the effective 
value of this unit, when placed in the hands of each pupil, and 
with but one class period devoted by the teacher to the interpre- 
tation of the unit, is clearly shown,in Table 2. 
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Four classes in Plane Trigonometry, two in Junior College and 
two in Senior High School, and taught by two teachers, were 
used. 

Table 2 shows the per cent of pupils in Plane Trigonometry, 
succeeding in the mastery of each problem in successive tests. 

TABLE 2. 
Number of Junior Cumulative per cent 


College’pupils of pupils 
obtaining mastery obtaining mastery 
Mastery on first test Ab 53 
Mastery on second test 1] 75 
Mastery on third test win a 86 
Mastery on fourth test 5 96 
2 100 


Mastery on fifth test 


This table should be read as follows: 27 of the 51 pupils 
mastered unit one of the first test and 96 per cent of the group 
mastered the unit on the fourth test. 

Table 3 shows the results of the two high school classes in 
Plane Trigonometry that received one day instruction on the 
unit. 

TABLE 3. 


50 Senior High School pupils in Plane Trigonometry. 
Cumulative percent 


No. pupils of pupils 
obtaining mastery obtaining mastery 
Mastery on first test 22 50 
Mastery on second test 10 73 
Mastery on third test 6 86 
Mastery on fourth test 5 QS 
Mastery on fifth test : l 100 


This table should be read as follows: 22 of the 44 passed the 
mastery test on the first unit the first time; 86 per cent passed the 
mastery test on the third trial and all passed on the fifth trial. 

A record is kept of the number and type of problems missed 
by those who fail in the first mastery test and subsequent tests, 
to determine the specific needs of pupils entering advanced 
courses in mathematics. A report of this will be submitted later. 

So far, the results lead one to draw the following conclusions: 

1. That the usual method of procedure in conducting a 
review in Algebra for advanced classes in mathematics is too 
empirical, and has no diagnostic value. 

2. The traditional reviews are not only ineffective but 
uneconomical. 

3. It might safely be assumed that many failures in advanced 
mathematics classes are due to the lack of fundamental tools for 


mastery in the newer fields. * 
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4. The traditional review offers too little opportunity for 
self-mastery. 

5. Pupils interested in mathematics become discouraged 
when thrown into a situation where mass production is a virtue 
and failures are emblems of good teaching. 

6. It is possible for a pupil to receive credit for advanced 
courses in mathematics who has never completely mastered 
all of the fundamental mathematical concepts needed. 

7. Many pupils fail in advanced courses because they failed 
to master the necessary tools essential to an intelligent per- 
formance on assigned tasks. 

8. Because of the definiteness of the assigned task sustained 
interest was created and the pupil re-established confidence in 
his ability to master a new situation. 

9. The self-mastery plan stimulates interest in accuracy and 
speed in performance and develops an attitude toward checking 
results obtained. 

10. The unit-plan does not carry with it the burden of count- 
less problems for the child to solve at home. 

PROBLEM DEPARTMENT. 
Conpuctep By C. N. MILLs, 


Illinois State Normal University. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here 
proposed. Drawings to illustrate the problems should be well done in India 
ink. Problems and solutions will be credited to their authors. Each solu- 
tion, or proposed problem, sent to the Editor should have the author’s name 
introducing the problem or solution as on the following pages. 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to C. N. 
Mills, Illinois State Normal University, Normal, /ll. 





SPECIAL NOTICE. 


After June 1, send all communications to above address. 





LATE SOLUTIONS. 


1049, 1052, 1055, 1056, 1057, 1058, 1060. H.C. Billings, Goodwell, Okla. 

1056. George T. Johnson, Brainerd, Minn. 

1058. F. L. Wren, Nashville, Tenn.; J. Ross Adams, Rothville, Mo.; 
N. A. Arsenieff, Taroslavt, U. S. S. R. 

1060. J. Ross Adams, Rothville, Mo.; R. M. Babcock, Aberdeen, S. Dak. 

1051, 1052. A.J. Patterson, Wheeling, W. Va. 

1056. H.G. Ayre, Waukegan, JU. 

1052. Albert Schwartz, Perth Amboy, N. J. 





SOLUTIONS OF PROBLEMS. 


1061. Proposed by R. T. McGregor, Elk Grove, Calif. 
Restatement of 1048. Without using the Calculus evaluate for A = 90° 














644 SCHOOL SCIENCE AND MATHEMATICS 


tan ?A 
cosec ‘) 


Solved by Norman Anning, University of Michigan. 

Let s = tan?A. Then cosecA equals the square root of [1+1/s]. As 
A approaches 90°, s becomes infinite. Hence, the desired limit is the 
limit, as s becomes infinite, of the square root of {[1+1/s],* which by the 
theory of limits is equal to the square root of the limit, as s becomes infin- 
ite, of [1+1/s}". It can be shown, without the use of the Calculus, 
that the limiting value is the square root of e. Note. See pages 187, 188, 
Hall and Knight’s Higher Algebra. 

Also solved by S. dD. Turne - Goose Cree k, Te ras; and by N. A. Arse nie ff, 
Taroslavl, U. S. S. R. 

1062. Proposed by FE. de la Garza, Brownsville, Texas. 

Restatement of 1025, as intended by the Proposer. 

Given a triangle ABC, to draw a line DE, limited by the sides of angle 
A, such that DE = DB EC, D being on AB. 

I. Solved by L. Wayne Johnson, Norman, Okla. 
Assume the problem solved. Through A draw a parallel to BC meeting 


the following expression: 


< 











8 Cc x 


BE in G, and through G a parallel to AC meeting BC in K. As the 
* quadrilaterals BAGK and BEDC are similar, BA = AG = GK. Since 
AB is known, the quadrilateral BAGK may be constructed as follows: 
On AC measure CL = BA, and through L construct a parallel to BC. 
Let G be the intersection of this parallel with the circle having A for 
center and AB for a radius. The parallel through G to AC meeting BC 
produced in K completes the quadrilateral. The line BG meets AC in FE, 
and the parallel ED through E to AG is the required line. 

Editor. See College Geometry, by Altshiller-Court. There are always 
two solutions. 
II. Solved by The College of the Ozarks Math. Club, Clarksville, Arkansas 
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Construction: In triangle ABC using C as a center and an arbitrary 
radius strike an are intersecting AC at F. Through F construct FL 
parallel to AB. With F as a center and CF as a radius strike an are MN 
intersecting FL at H. Using H as a center and CF as a radius strike an 
arc intersecting BC at K. Using K as a center and CF as a radius strike 
an arc intersecting MN at O. Construct a line from C through O inter- 
secting AB at D. Using BD as a radius and C as a center strike an are 
intersecting AC at E. Draw DE. 

Proof: KOHF is a parallelogram. 

Therefore KE is parallel to AB. 
Hence triangle BAC and triangle KEC are similar. 
Then BD:DE:EC as KO:OF:FC. 
Hence DE is the required line. 
Also solved by George Sergent, Tampico, Mexico. 
1063. Proposed by Norman Anning, Ann Arbor, Mich 
Show that the cubic equation 
( )X3+( X2 + ( X+( ) 0, 
where the gaps are filled by some arrangement of the numbers 0, 1, 2, —3. 
always has a rational root. Of what general theorem is this a special 
case? 

Solved by H. D. Grossman, Brooklyn, A . 

The equation Az'?+Bz2z?+Cxr +D = . has at least one rational root, 
when the sum of the coefficients is zero. This one root is 1. This is a 
special case of the following: If for any polynomial of the above type, 
the sum of the coefficients is zero, the equation has at least one real 
rational root, which is unity. 

1064. Proposed by A.J. Paterson, Wheeling, W. \ 

A tree standing on a slope, baving a rise of 11 feet to 61 feet on the slope, 
breaks so that the top may strike the ground 61 feet up from the base 
and 48 ,, feet down from the base. Find the height of the tree. 

Solved by Henry Suhr, Los Angeles, Calif. 

Let C be the breaking point of EO. Then ABC is an isosceles triangle. 
Draw CD, the | bisector of AB. 





AB = 109 1/61 ft.; AD = 54 31/61 ft.; ED 6 30/61 ft. 
CD is | to EB, and CE is | to EF. Triangle ECD is similar to triangle 
EFB. Hence, CE/EB ED/BF. Then CE = 36 ft. 
Also CD/CE EF/EB. Hence EF = 60 ft., and CD = 2160/61 ft. 
(AC)? = (CD)?+(AD)? = 65%. Hence EO AC+CE = 101 ft. «9 4 
Also aasved by wom Wallace, Mexico, Mo.; Charles W. Trigg, 
Los Angeles, ( ‘alif.; A. H. Heiby, Chicago, Ill.; S. D. Turner, Goose Creek, 
Texas; R. M. a ey Aberdeen, S. Dak.; Carlton Jenks, Joseph Daoust, 
Spokane, Wash.; Daniel Kreth, Wellman, Iowa; A. MacNeish, Chicago, IIl.; 
E. A. Hollister, Pontiac, Mich.; J. H. Sawyer, Superior, Ariz.; Honor 
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Students, Mathematics Society, Sequoia H. S., Redwood City, Calif.; M. G, 
Schucker, Pittsburgh, Pa.; and George Sergent, Tampico, Mezico. 
1065. Proposed by the Editor. 

Using only a ruler, draw through a point external to a circle (or a conic) 
the two tangents. 

Editor. Solution I is the classic solution sought. The proof of this 
construction is based on principles of Projective Geometry. 

Solution II is given for the sake of uniqueness, bringing into use more of 
the principles of Elementary Geometry. 

Associated with this problem is the ‘““Theory of the Simplicity of Draw- 
ing Curves by Points and Lines,” as developed by the Geometry of Le- 
moine. 

I. Solved by R. T. McGregor, Elk Grove, Calif. 

From the given ow S draw two secants, cutting the circle at A, C and 
E, F. Join A and E, C and F, crossing at B. Join A and F, C ‘and E, 
meeting at D. The line DB contains the chord of contact. (EK: M4 or. The 
line DB is the Polar of S. 








The chord of contact, DB, contains the harmonic conjugates of R, Q on 
EF and AC, and the opposite vertices B, D of the complete quadrilateral. 
Hence the points H and K, where DB cuts the circle, are the points of 
contact of the tangents from S. 

Note. This proof is found on page 128, Halsted’s Elementary Syn- 
thetic Geometry. 

II. Solved by Louis R. Chase, Newport, R. I. 

This solution involves the following two lemmas: 

LEMMA I. Given a biseeted straight line segment and an external 
point; to draw through the point a line parallel to the given line. 
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Let ABC be the bisected line, and P the external point. 
Required to draw through P a line parallel to AC. 
Construction: Draw CP and produce it to any point D. 
Draw DA and DB. 
Draw AP intersecting DB at O. 
Draw CO meeting AD at E. 
Draw EP. EP is parallel to AC. 
Proof: Let line XOY be parallel to AC. 
Triangle ABD is similar to triangle XOD, and 
triangle BCD is similar to triangle OY D 
Therefore AB: XO = BD: OD = BC: OY. 
Whence XO = OY, since AB = BC. 
Triangle ACE is similar to triangle XOE, and 
triangle ACP is similar to triangle OYP. 
Therefore AC: XO = CE: OE, and 
AC: OY = AP: OP. 
Whence CE : OE = AP: OP, since XO = OY. 
Therefore EP is parallel to AC, since EP divides CO and 
AO proportionally. (Externally.) 
Note. Lambert gives a proof of this construction using the ‘‘Principles 
of Perspective.” 
LEMMA I1. Given two unequal parallel segments, the greater one bi- 
sected; to bisect the other. 





Let ABC, the bisected segment, be parallel to DE and greater than DE. 

Required to bisect DE. 

Construction: Draw AD and CE, and produce them to meet at F. 
Draw FB intersecting DE at O. 
O bisects DE. 

Proof: By similar triangles, AB: DO = BF: OF = BC: OE. 
Whence DO = OF, since AB = BC. 


\ 


Construction: Draw line AOBP. 
Through any point L within the circle but not on AB 
draw chord CD parallel to AB. (1) 


eR Se Sets ee LN _s 
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Draw diameter FOE bisecting CD. IT) 
Draw line GFH parallel to AB. 1) 
Draw lines GAI and HP parallel to FE. (1) 
Draw line HOI. 

Draw IJ parallel to AB. (1) 
Draw AF and GO. 

Draw JK parallel to AF. I) 
Draw chord YKX parallel to FE. (1) 
Draw PX and PY, which are the required tangents. 

Proof: Rectangle OPMJ square GFOA. (Euclid 1, 43. In any 
parallelogram the complements of the parallelograms about the diameter 
are equal to one another.) 

PO xOJ AO’. 
PO KxOK Ox. 


PO: OX OX : OK 

Therefore triangle OPX is similar to triangle OKX, for 
they have an angle equal to an angle, and the including 
sides proportional. 

Therefore OXP is a right angle, and PX is tangent to the 
circle. 

Similarly for PY. 

Also solved by George Sergent, Tampico, Mexico; and by E. de la Garza, 
Brownsville, Texas. 

1066. Propose d by the Editor 

Using De Moivre’s theorem for powers of complex numbers, prove the 
following relations: 

Sin 3A 3 sin A—4 sin*A, 
Cos 3A t cos*’A —3 cos A. 
Solved by Monroe Tate, Norman, Okla. 
cosA Tt sinA , cos3A oe sin3A. 

cos*A +37 cos?A sinA +37? cosA sin?A+7 sin*A cossA +7 sin3A. 

Equating the coefficients of the real and imaginary parts, 

cosjA cos*A —3cosA sin?A teos*’A —3cosA. 

sin3A 3cos?A sinA —sin*A 3sinA —4sin'A. 

Editor. Extend this method for cos nA and sin nA. 

Also solved by R. T. McGregor, Elk Grove, Calif.; Elmer C. Warren, 
Waterville, Maine; Raymond Huck, Johnston City, Jll.; E. de la Garza, 
Brou nsville, Texas; and Creorge Se rgent, Tampico, Mexico; Robert J. 
Meyers, Creighton Univ., Omaha, Neb. 


PROBLEMS FOR SOLUTION. 
1079. Proposed by B M Maze U, Wilmore, Ky 


A man walks across a circular gourtyard 200 feet in diameter at a 
uniform rate of 5 feet per second. A lamp at a point L on a diameter 
perpendicular to the first is at a point 50 feet from the center O. How 
far will he be from O when his shadow upon the enclosing wall will be 
moving just as fast as he is moving? 

1080. Proposed by G. W. Wishard, Norwood, Ohio 

What is the value of X, when the Xth root of X is the greatest 
1081. Proposed by George Sergent, Tampico, Mexico 

Construct a quadrilateral given the four sides and the length of the 
line joining midpoint of two opposite sides 
1082. Proposed by Norman Anning, University of Michigan 

Prove that, if any three consecutive terms of the series whose Xth 
term is 4X‘+1 are taken, the product of the outside ones will be exactly 
divisible by the middle one. 

1083. Proposed by Nathan Altshiller-Court, University of Oklahoma. 

On a given line to find a segment that shall be harmonic to a given 
segment on that line and that shall subtend a right angle at a given point, 
outside of the line 
1084. Proposed by Hazel Estelle Fliess, Clifton Forge, Va. 

A man went into a bank and said “If you will lend me $2000 today, 
I will pay you $50 per month for 60 months.’”’ The banker accepted the 
proposition What rate of interest did the bank receive? 


, 
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SCIENCE QUESTIONS. 
Conducted by Franklin T. Jones. 
10109 Wilbur Avenue, Cleveland, Ohio. 


LET’S MAKE A LIST. 
535. Let’s make a list of those topics and questions which have aroused 
= greatest interest in classes during the current school year. 
The most interesting discussion in my class in 1928-29. 
The best problem of the year. 
{Also, ask your class the answers to the above questions and mail them 
to the Editor before starting on your summer vacation. May it also be 
interesting and pleasant. | 


HALF-TRUTHS. J 
536. Proposed by John C. Packard, Brookline, Mass. 
Half-truths for the Juniors. 


Comment upon each of the following sentences. 
Correct those that are wrong and rewrite the ones that are obscure 


1. ‘“‘Hot air rises.”’ 

2. “Heat expands and cold contracts.” 

3. “Storm windows keep the cold out.”’ 

4. “Lead is heavier than water.”’ 

5. “A wooden ship floats in water because wood is lighter than water.” 
6. “An iron ship floats in water because the ship contains air which is 


lighte r thi an water.’ 

7. “The gas in a balloon earries the balloon up.” 

8 ‘edtneen has great lifting power.”’ 

9. “Water seeks its own level.” 

10. ‘Electricity always runs from positive to negative.”’ 

11. “A dynamo makes electricity.” 

12. “Big bodies move slowly.” 

13. “A heavy body will run a long way against a fairly large force 
because of its momentum.” 

14. “A heavy body will run a long time against a fairly large force 
because of its kinetic energy.” 


McGREGOR PROPOSES PROBLEM. 
537. Proposed by R.T. McGregor, Elk Grove, California. 

Proposed: A uniforra rod is suspended by two vertical strings attached 
to its extremities and half of it is immersed in water; if its specific gravity 
be 2.5, what is the ratio of the tensions of the strings? 

COMPLETION TESTS IN MAGNETISM IN ELECTRICITY. 
538. Contributed by Gordon S. Highriter,G. A. R. Memorial High School, 

Wilk ‘ s-Bar ré, Pa. 

This year in the study of magnetism and electricity in our elementary 
physics course we used completion tests. As these tests worked well in our 
department I thought I would send copies to you. In ease you should 
care to use any or all of the tests I will have suitable drawings made, and 
forward them to you later. 

The titles of the tests refer to the titles of the chapters in Fuller, Brown- 
lee and Baker's Elementary Principles of Physics, which we are using. 
I see no reason, however, why these tests would not be as satisfactory 
with other text as they were made to cover a subject and not to fit our 
text. 

Magnetism and Electromagnetism 
A. Complete the following statements: 
1. Natural magnets are magnetic iron ore and are called 
2. If two magnets attact each other with a force of 50 g. when they 


a. 
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are 1 cm. apart, with what force will they attract each other 
when they are placed 5 cm. apart....... 

3. Underline all of the substances listed below which are magnetic: 
iron, brass, hard steel, cobalt, magnesium, air, tin, wood, copper, 
nickel. 

4. What ms terial would you use as the core of a temporary electro- 
magnet? 

5. Magnetic lines of force leave the m: ignet at the 
pole and enter it again at . ..... pole. 

6. Underline the correct expression: A compass needle sets itself a. 
Parallel to, 6 at right angles to, lines of magnetie force 

7. The ability of a substance to concentrate magnetic lines of force is 
ealled 

8. The angle made by a horizontal m: agnetic needle with the true 
north-and-south line at any place is called __.. 

9. In diagram A the electric current is going “in.’’ Mark with arrows 
the direction of the lines of force about the wire 

10. In diagram B the current is flowing as indicated. Mark with N and 

S the polarity of the magnet. 


(aes es 
Oz, ‘is RF Fj 


A B 


11. An electromagnet has 10 turns of wire. How many times will the 
magnetizing strength of the current be multiplied if one doubles 
the number of turns of wire? 

12. What do we eall the process of developing m: wgnetism within a 
magnetic body by introducing it into a magnetic fie id? 














13. What name do we give to the angle a compass needle deviates from 
the true north and south? 

14. What type wound motor will gain speed indefinitely or until it 
flies to pieces if it escapes its load while running? 


15. What name is commonly applied to the force of attraction that 
exists between the earth and bodies upon or near its surface? 


16. What does one call the special device on a dynamo used to change 
the current which is alternating in the coils of the armature, to 
one which always flows in the same direction through the exter- 
nal portion of circuit? - 

17. In the following sentence underline the one of the six words or 
expressions at the end that makes the truest sense. 

The phenomenon of a body becoming a magnet when placed 
in a magnetic field is called diamagnetic, paramagnetic, magnetic 
flux, magnetic induction, resultant field, magnetic permeability 

B. Some of the statements made below are true and some are false. Mark 
those which are true with a +sign, mark the false statements 0 


1. Like magnetic poles attract each other 
2. Magnetic forces are always forces of attraction ( 
3. Magnetic north is as constant a direction as geographic north ) 
4. Whenever we have an electric current, we have a magnetic 


field with it............ eh ee sui ) 
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5. A omgee needle in the magnetic field of a current turns so that 
its N end points toward the conductor... ; Fe 


6. An electron would not be as satisfactory with a copper ¢ core as 

I I i ciititie eiccatnc hs Shtrnieiniebinnndionaee Mine 5 Be 
7. Anelectromagnet shows N and S poles. a 
8. Copper may be temporarily magnetized by induetion........ i - 
9. A compass needle free to turn about any axis will point toward 


the North Star__....... et fF ( ) 
10. A bar magnet always has ‘two poles at 
11. The angle of magnetic declination is often used by land surv ey- 
ors 
12. The best kind of iron for the core of an n electromagnet is that 
used in permanent magnets 
13. The electrom: agnet of arelay ina telegraph line is excited by the 
‘loeal battery” 
14. If you reverse the armature connections of a simple D. C 
shunt motor, the direction of rotation will be reversed (.«) 
5. A south seeking pole is at the south magnetie pole___..... ES 3 
16. The magnetic poles of the earth coincide with the geographic 
ET RENAE SAE ee Be ES TO RE ( 
17. A direct current electric motor may be re »versed by either revers- 
ing the current in the armature or by reversing the current 
in the field coils ee 
18. The electromagnets of the telegraph relay are wound with few 
turns of heavy wire and the vaoe require a strong current 
to operate them {J 
19. In an unmagnetized piece of steel the molecules are arranged in 
closed magnetic circuits and none of the lines of force come 
out into the air ' 3 
a series motor, the current that flows through the armature 
also flows through the field magnets._..... d Vor ia 
This series of tests will be continued.) 


{ } 


20. I 


J 
= 


BRAKES ARE O. K. 


529.—Autoist from Brownsville says so. 

(This brake problem was published in February, 1929. It was proposed 
by Sudler Bamberger.) 

Brownsville, Texas, Apr. 15, 1929. 
Mr Jones: 

Brakes work just the same in Texas as in Michigan and Mr. Hollister 
is right. When working your problem I wrote 1920 feet per minute, 
instead of 3520, as the equivalent of 40 miles per hour. I do not know 
how I did it and unfortunately I did not check my figures before mailing 
the answer. So, if the speed of the car is 3520 feet per minute, the nega- 
tive acceleration necessary to stop it in 30 seconds is twice as much, or 
7040. Substituting these in the formula I used, the result is 880 feet; the 
same Mr. Hollister got. I believe that the formula I used gives a better 
understanding of the problem than any other ones. 

Will be more careful the next time. 

Yours very truly, 
AUTOIST. 

Solution by A. M. Swenson, Yuma, Colorado. 

Following is a solution to the brake problem No. 529. It differs slightly 
from the ones given but proves the truth of Mr. Hollister’s result. 

v=40 m.p.h. or 58 34 feet per second. 

»=at, or 58% =30a. 

1=1 and 43/45 ft. per see:.? 

ising formula s = Mal? we get s = 4X1 43/45 X30°, or 880 feet for the 
distance the ear travels before it stops. 

Also solved by R. T. McGregor, Elk Grove, California; and Douglas I. 
Bates, Portland, Oregon. 


— 
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EDITOR CAUGHT POACHING. 
Who Owns the Famous Cocoanut Problem? 
Mr. Franklin T. Jones: 

I notice in the April issue of Scpoot Scrence AND MATHEMATICS on 
page 430, the Ben-Ames-Saturday-Evening-Post-Cocoanut-Monkey- 
Problem has come back to life. You will find a general solution to the 
problem, stated differently, by Michael Goldberg for Problem 952 (Mathe- 
matics Problems), page 423, April, 1927. You might eall the readers’ 
attention to this solution. 

Yours very truly, 
C. N. MILs 


(Mr. Mills is Editor of the Mathematics Problems Department of 
ScHoou ScreENCE AND MATHEMATICS.) 

In answer to my note of apology for ‘“‘poaching,’’ Mr. Mills sent the 
following letter: 

Dear Mr. Jones: 

The “Monkey Cocoanut Problem’”’ has caused many laughs. The latest 
version sent in by a contributor referred to bottles of ‘‘moonshine’’ under- 
going the same predicament as the cocoanuts. I wrote the person saying 
it might work near Detroit, but in Indiana, no necessity for division in 
the morning, as all would be dead. 

The problem has an interesting history, starting very likely with 
Fibonacci about 1202 A. D., and since then many different settings have 
been given the problem. See ‘‘History and Signifieance of Certain Stand- 
ard Problems in Algebra’’ by Vera Sanford, pages 58-63. 

My May number of the Journal has come in. Will read with interest 
“Socrates Up-to-Date.” 

I enjoy very much the “revelations” of the Science Questions depart- 
ment. What would Science anpD Matuematics do if they were divorced? 
I am pleased to have your help and cooperation, and will likewise do my 
best to help you in ease of ‘‘Paekard’’ blowouts 

Sincerely, 
C. N. MILs 
Famous Cocoanut Problem. 

Answers given by Mr. Hollister on page 432, ScnHoo. Science ANpD 
Matuematics, April, 1929, are correct. 

Solutions and comments will be published in September, 1929 

Solutions received thus far from W. R. Amith, Lewis Institute, Chicago; 
W ilfre d F. Kruse, Concordia Teachers College, Se ward, Nebr > Eleuterio 
De La Garza, Browns ille, T¢ ras; Anna R. Lide n, Brookline, VU ass D P ey 
Packard, Brookline, Mass.;GlennF. Hewitt, Fort Wayne, Ind. Girl's Algebra 
Club Lake Mills. 

Please send in your solution or your discussion of this ‘‘Famous Cocoanut 
Problem.”’ 

By the way, how much does a cocoanut weigh? 


What have you for this Science Questions Department for Sep- 
tember? 


NATURE CLUB RAINBOW HONORS.* 
By Fiorence E. CiipPpIncer 
Roosevelt High School, Dayton, O. 
Violet Honors. (3 required.) 
Take five good nature pictures of birds, trees, flowers or animals 
Make ten good colored drawings of birds, flowers or insects 
Learn by memory five good nature poems. 
Read three good nature books and give the review before the club 
Indigo Honors. (3 required.) 
Learn how to play 3 good nature games and teach the same to the club 
Write a 500 word essay on poisonous snakes of this part of the U.S., 
how to recognize them and the remedy if bitten. 
Write a 500 word essay on useful snakes of this part of the country, 
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how to recognize them and the good each does. 

Describe the home appearance and habits of 3 common wild animals 

of this part of the country. (500 words at least.) 

Write a 500 word essay on 5 common superstitions of this part of the 

country and state the truth about each. 
Blue Honors. (5 required.) 
Take five hikes into the open country of two miles each and make a 
list of 10 interesting nature subjects seen on each trip. 
Green Honors. (3 required.) 

Be able to identify 20 trees by their leaves. 

Be able to identify 20 additional trees. 

Be able to identify 10 trees in winter (deciduous). 

Be able to identify 10 evergreen trees. 

Plant five trees at least 2 feet high where they are needed and grow them 

successfully. 

Write an essay of at least 500 words on 10 different kinds of wood used 

for lumber, and state the good qualities of each. 

Write an essay of at least 500 words on the care of the forests. 

Yellow Honors. (3 required.) 

Identify and describe 20 wild flowers. 

Identify and describe 20 additional flowers. 

Identify and describe 10 ferns. 

Identify and describe 10 common weeds and state how to eradicate each. 

Learn by memory five good poems about flowers. 

Make a neat chart displaying under glass examples of five kinds of 

seed dispersal 

Plant and grow successfully five kinds of flowers either from seeds, 

bulbs or cuttings, indoors or out. 

Plant and grow successfully five kinds of vegetables. 

Orange Honors. (3 required.) 

Identify and describe 10 butterflies. 

Identify and describe 10 moths. 

Identify and describe 10 other insects. 

Make a collection and mount neatly 20 insects 

Write a 500 word essay about 10 harmful insect garden pests and state 

how to eradicate each. 

Write a 500 word essay about 10 harmful forest and shade tree pests 

and state how to eradicate each. 

Raise 5 caterpillars and have them transform and hatch 

Swat 25 flies each day for one month. 

Destroy 100 bagworms or other injurious cocoons or nests. 

Red Honors. (3 required.) 

Identify and describe 20 birds. (Land birds.) 

Identify and describe 20 additional birds. 

Identify and describe 10 water birds. 

Imitate the song of 10 common birds. 

Erect a bird house and have it occupied. 

Erect a bird feeding board and have it visited by at least four different 

kinds of birds. 

Erect a bird bath and have it visited by the birds regularly. 

Hatch and rear to six weeks at least 12 chickens from 15 eggs. 

Learn by memory 5 good poems about birds. 

Write a 500 word essay about the economic value of birds. 

*As an incentive for effort a little gilt badge was provided in which were 
arranged the seven colors of the rainbow made of baby ribbon. The 
cover was made of transparent celluloid on which was painted ‘Nature 
Club.” Pupils receive one color at a time until the badge is complete. 
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A VISIT IN PRAGUE. 
By Virernta WATTAWA, 
College of Saint-Mary-of-the-Woods, Saint-Mary-of-the-Woods, Ind 


Copernicus became interested in astronomy while studying at the 
university of Cracow; he continued his education in this science in Italy, 
but in 1497 re-crossed the Alps to become canon of the cathedral of 
Fruenberg. Still interested in astronomy and dissatisfied with the old 
Ptolemaic theory, he devoted his leisure to the elaboration of an entirely 
new system of astronomy. In the momentous De Revolutionibus Celes- 
tium, published in 1543, Copernicus presented the now universally 
accepted explanation of the universe. 

For twenty years, on the island of Hveen off the coast of Denmark, 
Tycho Brahe pursued his astronomical observations so zealously as to 
mark a distinct advance in this science. After the death of his patron, 
Ferdinand II, Brahe, deprived of his emoluments and laboratory, was 
invited by Rudolph II to come to Benatky near Prague, where a new 
laboratory was to be erected for him. Soon after his arrival in Bohemia, 
Brahe died, in 1601. 

Prague, intensely modern yet most medieval, is one of the most in- 
triguing cities of Europe. There is the castle, towering over the city 
from its high hill; a short distance away is the unfinished cathedral; there 
is the Charles bridge, lined with statues of the saints, which leads into 
the Old Town with its narrow crooked streets. Farther on is the Old 
Town Hall, its council room decorated with shields of the medieval guilds, 
and across the Square is the Tyn church, with its slender Slavic spires, 
which rise back of a row of houses built at some later date. 

One day last summer, I returned to the Square to visit the Tyn church 
The doors were locked, but upon inquiry, I was directed to the home of 
the caretaker, just in front of the church, and he proved willing enough 
to unlock the church and act as guide. 

In the mellow light, the old church proved fascinating enough, but it 
was most interesting because at the right of the main altar Tycho Brahe 
lies buried. That afternoon, on the tomb of this man, who has been dead 
over three hundred years, there were beautiful cut flowers. They had 
been placed there to do honor to his memory, the guide explained, by 
some Danish family. A short distance from the burial place is an upright 
stone, on which Brahe is pictured dressed in full armor, carrying his 
sword, and wearing some decoration around his neck. In the lower 
corner of the stone, balancing a helmet decorated with three plumes, a 
shield is engraved, presumably the coat of arms of the noble Danish family 
to which Brahe belonged. 

The next morning I went to the Nostitz palace. After what seemed 
like an endless car-ride across the city, I arrived at the palace. At the 
gate a porter directed me to an entrance across the court-yard. I came 
into a small room where an elderly scholarly looking man was seated 
In a bored fashion, without waiting for me to speak, he explained that 
the art galleries were closed during the summer months. ‘But,’ I inter- 
posed, “I do not care about the art galleries. I have come to see the 
manuscript of Copernicus.”” Immediately his manner changed. He un- 
locked a safe and brought a wooden box bound with iron hinges. Inside 
was the precious manuscript, De Revolutionibus Celestium. He turned 
the pages slowly, pointing out the various drawings, and kept repeating, 
“Es ist schon geschrieben.’’ And indeed it was beautifully written, the 
drawings as distinct, the writing as clear as if it were the work of yester- 
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day. Seeing I was interested, the old guard turned to the safe again and 
brought an old drawing of Copernicus for me to admire. 

When I was ready to leave, I proffered the old gentleman a coin, which 
he refused. I thought perhaps it was not large enough, and feeling grate- 
ful I reached for another. This he refused too, and explained proudly, 
“Our president lived in America, his wife is an American, we owe our 
freedom to Americans, I take no money from Americans.” 





THE CHEMIST’S KNOWLEDGEAND CONTROL OF MOLECULES. 
By Dr. R. E. Rose. 


If a human being could be reduced to the size of a molecule and yet 
retain his faculties and senses the world about him would look so different 
that it would seem an entirely new universe, not one single thing would 
remain unaltered. No one can actually become the size of a molecule 
but many of us find that we can train our minds to think as though we 
were as small as molecules, or perhaps it is better to say train ourselves 
to see molecules with our mind’s eye. This is what we do when we be- 
come chemists and physicists. Some of the things the scientist learns are 
very interesting to the layman, and they are also very easy to understand. 
It is for that reason that I shall attempt to describe what we are all accus- 
tomed to handling, in terms of the chemist’s conception. 

How small is a molecule, anyway? They are not all the same size, 
but even the largest is so much smaller than anything you can see that it is 
difficult to realize how minute they are. Of all the ways of defining the 
size of molecules, I think this one appeals to me most: 

Suppose you draw a glass of water from the tap, and suppose that you 
are able in some miraculous manner to mark each molecule as a rancher 
brands his calves, and after having done this you empty the glass of 
water into the drain. Then you wait, and you wait long enough to allow 
that glass of water to mix uniformly with all the water in the world, in 
oceans, rivers, lakes, clouds, animals and plants. You would have 
plenty of time to rest, because it would take a good many centuries. 
When the mixing is complete, if you draw a glass of water again and 
looking through pick out the molecules that you had marked you would 
find 2,000 of them in the glass of water. You might think this just a 
chance, so you would draw another glass of water, again you would 
find 2,000. Not believing this evidence you might gather rain water or 
go to the beach and take it from the ocean, or from a running brook. 
Always you would find 2,000 of these original molecules in each glass 
of water, no matter where you get it from, whether in this country, or 
the arctic, or the tropics. In other words the concentration or marked 
molecules in all the waters of the world would become 2,000 per glass, 
and all these molecules were actually in the original glass taken by you. 
If you could take the water out of your own body, you would find no 
less than 480,000 marked molecules in it, and if you could perform the 
same test on His Majesty, you would find the King of England had just 
as many. 

This in itself sounds more amusing than valuable, but it is because 
the chemist found out just such things about molecules that he has been 
able to make cotton linters and wood pulp into rayon, coal tar into dye- 
stuffs, steam and coke into wood alcohol, carbolic acid into resins, the 
easein of milk into billiard balls, and do hundreds of other things that 
make it easier for us to live in comfort. Because the chemist thinks in 
terms of these minute molecules he is always thinking of turning one 
thing into another, not as the engineer does by putting it in a machine, 
but taking the component molecules and re-arranging them. 


—— 
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THE THREE GUIANAS. 


The word, Guiana, is derived from the name of an Indian tribe which 
once inhabited the entire country between the mouths of the Orinoco 
and Amazon Rivers, as far back as the Rio Negro and the Casiquiare. 
This huge territory formerly went by the name of Guiana, but much 
of it is now included in Venezuela and Brazil. 

Sir Walter Raleigh visited the region in search of El Dorado, fabled 
land of riches, but, discouraged by Indians, heat, and swamps, he turned 
back. The first actual settlements were made by Dutch colonists in 
the last quarter of the sixteenth century. Paramaribo, or as the Dutch 
call it, Surinam, the capital of Dutch Guiana, is the city which was 
traded to the English for the settlement of New Amsterdam on Man- 
hattan Island, present-day New York. Paramaribo now has a population 
of about 40,000 people, mostly negroes. 

French Guiana, perhaps the most beautiful section of the coast from 
a scenic point of view, has long been used as a convict colony and has 
made few attempts at agricultural or commercial development. 

British and Dutch Guiana have had a struggling existence, the settlers 
being crowded upon a narrow strip of agricultural land between tropical 
jungles and the Atlantic Ocean. Much of this strip is below sea level 
and has to be diked and artificially drained. Sugar molasses, rum, molas- 
cuit, a sort of cattle food made from the residue of molasses, and rice 
are the chief agricultural products. 

Successful attempts have been made to raise bananas, cacao, and 
rubber, but plant diseases and lack of labor have been a great detriment 
to development of the country. Following the freeing of negro slaves, 
the sugar industry, which had been a mainstay of the colonies, languished 
considerably. A certain amount of East Indian indentured labor was 
induced to immigrate, but the need for workers who can stand the sun 
has never been met, and is still one of the vital problems of the Guianas 

Back from the coast is a wide belt of tropical jungle; farther inland 
the explorer reaches high treeless plains or savannas. Farther still are 


great ranges of mountains, furnishing magnificent scenery. Kaieteur 


Falls, in British Guiana, are 400 feet wide and 741 feet high, which is 
more than four times the height of Niagara. Gold mines are worked 
in paying quantities and small diamonds are exported. Bauxite and 
balata and hardwoods are other Guiana products. 

In Paramaribo there is a street shaded by mahogany trees said to be 
worth $40,000. Americans are interested in the fact that in Georgetown, 
capital of British Guiana, although English pounds and shillings are in 
circulation, accounts are kept in dollars at the rate of 4s. 2d per dollar 
This is said to be for convenience in exporting, much trade being carried 
on with the United States and Canada.—Geographic News Bulletin 


INDIAN CARVINGS FOUND. 

Pictures that were carved into the rocks long ago by Indians have been 
discovered in British Columbia, Harlan I. Smith, Canadian Government 
archaeologist has reported. Mr. Smith came upon the rock pictures 
twenty miles west of Victoria at a point overlooking the Pacific Ocean. 
It is considered remarkable that these carvings have escaped the notice of 
archaeologists who worked in the region for many years. 

Mr. Smith has spent the field season collecting Indian specimens in 
western Canada, making motion picture records in the Indian areas, 
and photographing the crude old paintings and carvings placed on the 
rocks by Indian artists.—Science News-Letter. 
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THE POSSIBLE USE OF VACANT CITY LOTS IN THE TEACHING 
OF HIGH SCHOOL BIOLOGY. * 


An Investigation. 
By Ape.paia M. Meyer, Georgia State Woman’s College, Valdosta, Ga. 
Due to the fact that in Biology, field work has become such an impor- 


tant factor, it appeared that city high school students should also enjoy 
the privileges of it. So possibilities for field work in the city were con- 





sidered. 

However, the usual extensive field trips were not taken into considera- 
tion for the following reasons: first, the biological program, whatever 
it may be, has to be conducted within either a single or a double period, 
because students have classes scheduled before and after their biological 
classes and because it is not always possible to use the students’ out-of- 
school time; second, the expense of field trips may also be a limiting factor, 
since all high school students do not come from homes of equal financial 
status. Field work was considered in the light of these conditions. 

It was very evident that the field work would have to be conducted 
within the city and near the school. Now all cities have some vacant 
lots and quite frequently these are near the school. So it was decided that 
if these offered biological materials of sufficient value and amount, 
they could be utilized for short field trips. With this in mind, this study 
was planned in order to find out just what biological material was avail- 
able on city lots and something of its fitness as teaching material 

Beginning with October, 1927, and extending through May, 1928, 
field trips were taken at approximateiy weekly intervals to various city 
vacant lots between the hours of 9a. m.and4p.m. No effort was made 
to classify the lots as to their ecological characteristics. All of them were 
in the heart of the city and most of them had bill boards placed upon them. 

There were thirteen of the lots at the start, but because two were sub- 
sequently built upon and one was burned over, records for all thirteen 
of them were not taken throughout the entire period of the study. With 
but two exceptions, no lot was visited more than once a month. The 
least number of lots visited for any month was seven and the largest 
number twelve. The average number was nine 

The actual field work consisted of noting all the plants and larger 
animals and collecting the smaller animals. All plants and animals** 
were carefully classified according to the following books: Comstock’s 
Manual for the Study of Insects, Lutz’s Field Book of Insects, Comstock’s 
The Spider Book, Emerton’s Common Spiders, Pratt’s Manual of Common 
Invertebrate Animals, Reed’s Bird Guide, and Gray’s New Manual of 
Botany. 

In summarizing the plant life noted the following families were found 
represented: Gramineae, Liliaceae, Salicaceae, Urticaceae, Polygonaceae, 
Amaranthaceae, Caryophyllaceae, Cruciferae, Rosaceae, Leguminosae, 
Oxalidaceae, Geraniaceae, Euphorbiaceae, Anacardiaceae, Aceraceae, 
Balsaminaceae, Violaceae, Umbelliferae, Ericaceae, Oleaceae, Hydro- 
phyllaceae, Labiatae, Solanaceae, Scrophulariaceae, Begnoniaceae, Plan- 
taginaceae, Rubiaceae, Caprifoliaceae, Dipsacaceae, Campanulaceae, 
and the Compositae. Of these families, the Compositae had the largest 
number of representatives, then the Urticaceae, followed by the Scrophul- 
ariaceae and the Polygonaceae. The three families of Gramineae, 
Plantaginaceae and Cruciferae came next. 


*Thanks are due to Dr. Jesse M. Shaver of Peabody College for advice and criticism dur- 
ing the progress of this study and * * to Miss Dorothy Bachtel for her kindness in identify- 


ing spiders. 
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All the plants found on selected vacant lots were quite complex in 
structure and difficult in classification. In general, the flowers were small 
and so were the seeds. 

In summarizing the animals collected, three phyla, Annelida, Mollusca, 
Arthropoda, and the following orders were found represented: Oligo- 
chaeta, Pulmonata, Progoneata, Chilopoda, Araneida, Neuroptera, 
Orthoptera, Homoptera, Heteroptera, Lepidoptera, Diptera, Coleoptera, 
Hymenoptera and Dermaptera. It is true that larger animals such as 
birds, cats and cows were occasionally seen but not often enough to be 
considered. So of the animal life found, insect life and other small inver- 
tebrates were more abundant than other forms noted. 

In addition, ten biological textbooks used by the southern states were 
carefully analyzed and the contents condensed and tabulated. The study 
consisted, further, in trying to see when lot material could supplement or 
be used in connection with that taught in the textbooks and that suggested 
by eight selected manuals. 

The conclusion drawn from the work done was that city vacant lots 
do offer some material for the study of insect life, other small inverte- 
brates, general plant structures and for the study of interrelation of 
plants and animals, and could be used when field trips could not be taken 
to other more desirable places. 





BOOKS RECEIVED. 

Research in The Social Sciences by Robert Ezra Park, Allyn Abbott 
Young, Clark Wissler, Robert Emmet Chaddock, Robert Sessions Wood- 
worth, Roseoe Pound, Arthur Meier Schlesinger, John Dewey, Charles 
Austin Beard. Cloth. Pages x+305. 13.5x19.5 em. 1929. The Mac- 
millan Company, New York. 

Introduction to College Physies by Clinton Maury Kilby, Professor of 
Physies in Randelph-Macon Woman's College, Lynchburg, Virginia 
Cloth. Pages vii+349. 13.5x21.5 em. 1929. D. Van Nostrand Com- 
pany, Ine., New York. Price $3.00. 

Elementary Lessons on Insects by James G. Needham, Professor of 
Entomology, Cornell University, Ithaca. Cloth. Pages viii +206 
15x21.5 em. 1928. Charles C. Thomas, Springfield, Illinois. Price 
$2.00. 

Elementary Differential Equations by Thornton C. Fry, Member of the 
Technical Staff, Bell Telephone Laboratories, Inc. Cloth. Pages x +255 
15x23 em. 1929. D. Van Nostrand Company, Ine., New York. Price 
$2.50. 

Public Health and Hygiene by Charles Frederick Bolduan, Director, 
Bureau of Health Education, Department of Health, City of New York 
Cloth. 312 pages. 13x20em. 1929. W. B. Saunders Company, Phila- 
delphia. Price $2.75. 

Direct Current Electricity by L. Raymond Smith, Instructor in 
Industrial Physies, Dickinson High School, Jersey City, N. J. First 
Edition. Cloth. Pages xi+262. 12x19 em. 1929. MeGraw-Hill Book 
Company, Inc., New York. Price $2.00. ; 

Six-Place Tables by Edward 8. Allen, Associate Professor of Mathe- 
matics, lowa State College. Third Edition. Cloth. Pages xxiii +167 
10x17.5 em. 1929. MeGraw-Hill Book Company, Inec., New York 
Price $1.50. 

New Type Questions in Plane Geometry by Charles Salkind, Thomas 
Jefferson High School, Brooklyn, N. Y. Paper. 55 pages. 12.5x19 em 
1929. Globe Book Company, New York. Price 20 cents per copy in 
class orders. 

English and Science by Philip B. MeDonald, Associate Professor of 
English, College of Engineering, New York University. Cloth. Pages 
vii+192. 13.5x21 em. 1929. D. Van Nostrand Company, Inc., New 
York. Price $2.00. 
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Some Aspects of Current Efforts to Improve College Instruction by 
Floyd W. econ and John Dale Russel. Published in Bulletin of The 
Bureau of School Service, Volume 1, Number 2, December, 1928. Paper. 
95 pages. 15x23em. The University of Kentucky, Lexington, Kentucky. 
Price 50 cents. 

Our Wonderful Universe by Clarence Augustus Chant, Professor of 
Astrophysics in the University of Toronto. Cloth. 191 pages. 13.5x20 
em. World Book Company, Yonkers-on-Hudson, New York. Price 
$1.52. 

The following pamphlets and charts by Samuel 8S. Wyer, Consulting 
Engineer, may be obtained free, singly or in quantities, for use of classes 
or teachers from Fuel-Power-Transportation, Educational Foundation, 
1116 Beggs Building, Columbus, Ohio. 

Fundamentals of our Fertilizer Problem. 16 pages. 

Primer on Economics. 23 pages. 

Study of Electric Light and Power Service. 64 pages 

Study of the St. Lawrence Waterway Project. 32 pages 

Fundamentals of Transportation Problem. 64 pages 

Fundamentals of Smoke Nuisance. 24 pages. 

Chart—Nitrogen Chart. Blue print 24°x36". 

Chart—How Natural Gas is Found; Reduced to Possession, Trans- 
mitted and Delivered to Ultimate Consumer. 8"x24’. 

Chart—Chart of Smithsonian Institution Model of Manufactured 
Gas: How It Is Made and Delivered to the Home. 11°x32’. 


BOOK REVIEWS. 


Our Farm World, by Fred T. Ullrich, Director of Agricultural Education, 
State Teachers’ College, Platteville, Wisconsin. xi plus 603 pp. 204 
figures. Longmans, Green and Company, New York. 1929. 

This new book is a text of unusual merit. In choice and organization 
of material, selection and excellence of illustrative figures, clear-cut 
language and effective style, it shows the work of a practical teacher of 
young people in this subject 

The oak is a treatise on practical science, however much material has 
been added on account of its basic worth and cultural value. It is evident 
that the subject matter has been selected with the definite view in mind 
of supplying the needs of the greatest possible number. A vocational 
text is necessarily limited in its scope. It is especially true that an agri- 
cultural text could not be suited to the conditions of the whole United 
States. This text is adapted particularly to the region east of the Rocky 
Mountains and north of southern Illinois. 

The subject matter is presented in the form of problems. Chapter III, 
on Soils and Fertilizers, may be taken as typical. The author uses 46 
pages in the development of this subject. The work of the chapter is 
made up of 17 problems, 25 exercises are suggested, and 15 figures are 
used. At the end of the chapter, a reference list of a page and a half is 
given. Pedagogical help is given the teacher in the first two chapters of 
the book in a definition of the ‘‘Point of View’ and a discussion of the 
‘Problem Method of Teaching.”’ 

The material is presented in such a way as to provide, not only the 

ractical aspects of the subject, but much fundamental general biological 

te ea as well. To illustrate, on pages 246-254, in introducing the 
work on fruit culture, the author gives much necessary, pure botanical 
information under the headings, ‘“The General Habit and Characters of 
the Apple Tree’ and ‘‘Making an Apple Tree.” 

Recognizing agriculture as our basic industry, we must realize that 
any instruction which has for its purpose the development and improve- 
ment of methods of crop culture, animal husbandry and farm management 
of this country is of the greatest importance. As an aid and inspiration to 
both student and teacher in this movement, this text should be of great 
value. Jerome Isenbarger. 
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Community Hygiene, by Dean Franklin Smiley, Medical Adviser, and 
Assistant Professor of Hygiene in Cornell University and Adrian Gould, 
Assistant Medical Adviser, and Assistant Professor of Hygiene in 
Cornell University. x plus 350 pp. 93 figures. The Macmillan Com- 
pany, New York, 1929. 

The book is written to serve as a text in college classes in hygiene. 
The evident aim is to furnish not so much a specific knowledge of the 
exact steps which must be taken to protect adequately from typhoid 
fever or malaria, but rather a knowledge of what in general the science of 
public health has to offer toward the solution of common community 
health problems. The notion is expresse d by the authors that since the 
college student is preparing to fill a position in society a little above that 
of the average and a position very often carrying responsibility for life 
and health of not only himself but of many others as well, therefore a 
knowledge of sanitation of our environment is a matter almost as impor- 
tant as a knowledge of personal hygiene. 

Chapter 1 gives a brief outline of the history of modern publie work 
in its development. Health hazards and their control are taken up in 
Section II and dise usse -d under sue *h headings as ‘‘Animals as Sources of 
Infeetion for Man,” “Ventilation,” “The Provision of a Sig Water 
Supply,” “Occupational Health Hazards,” ete. Section III deals with 
community problems in mental hygiene, sex hygiene, tuberc sicoin heart 
disease and cancer. Section IV considers such specific group problems as 
those of maternity, infaney and childhood; health opportunities of the 
schools; safe-guarding health in the industries; health problems of the 
rural population. The agencies in the public health field are outlined 
and described in Section V of the text. 

Extensive bibliography and reference lists at the end of the different 
chapters offer opportunities for the assignment of additional readings and 
for the preparation of papers on special topies. The treatment of the 
various topics is non-technical—it is scientific, however, and practical 
all the way through. Jerome Isenbarger 
The Health of Youth, by Florence L. Meredith, Professor of Hygiene, Tufts 

College, Medford, Mass. xxviii plus 535 pp., 175 illustrations. P. 

Blakiston’s Son & Co., 1012 Walnut St., Philadelphia, 1928. 

This text book of hygiene has been prepared for students in the last 

year or two of the junior high school or the first year or two of the senior 
high school. The author of the book takes into consideration the empha- 
sis that has been placed in recent years on the importance of health 
instruction in the schools. There is probably no age at which pupils 
are more impressionable with regard to health knowledge than during 
the years for which this book is intended. 

The emphasis is properly placed upon health rather than upon disease 
and upon care of the body rather than upon its structure or even its 
function. As the majority of schools are organized, there seems to be no 
definitely defined course in which such a text will fit. The work in hy- 
giene might be given in connection with the physical training or it might 
be given as a regular course. In schools in which general science is given 
throughout the three years of the junior high school, or through two, or in 
the first year of the senior high school, a text of this type should be pro- 
vided in sets for reference in every room where general science is taught 
This text provides material for the following general science units: Our 
Food Supply, Our Water Supply, Proper Selection and Care of Clothing, 
How to Keep in Good Health, Source and Control of Heat and Protecting 
Ourselves against Disease. 

Many graphs and original drawings are used by the author to drive 
home facts and comparisons and contrasts. A summary of important 
points is given at the end of each chapter. This really serves as a state- 
ment of understandings and desirable attainments and m: iy be made to 
serve a valuable purpose in the use of the material of the text. The book 
is well written, is adapted to the level for which it is intended and should 
be especially appreciated as an aid in working out the problem of organi- 
zation in connection with health instruetion in the schools. 

Jerome Isenbarger 
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Economic Biology, by George P. Weldon, Instructor of Biology, Entomology 
and Pomology, Chaffey Union High School and Junior College, Ontario, 
California. xi plus 457 pp., 191 figures. MeGraw-Hill Book Company, 
370 Seventh Avenue, New York, N. Y. 1929. Price $2.50. 

This text is not just economic in name, but it stresses the economic 
side of the study of plant and animal forms from the beginning of the 
text to the end. A large number of individual animals, belonging to the 
various groups, are considered in their relation, directly or indirectly, to 
man. Plants which are parasites, weeds, plant diseases, and propagation 
of fruits are discussed at length in relation to man’s welfare. 

The author states that the text has grown out of his experience in 
teaching biology to juniors and seniors in the high school. He does not 
state what biological foundation his students have before taking up this 
course. The material concerning economic relations is excellent, but the 
course should be preceded by one which stresses understandings based on 
biological pet id a The attention given to fundamentals is inadequate 
for = ot eourse. As a book for reference or collateral reading, it offers a 
wealth of material that could be used in connection with any high school 
course in biology. 

It is unfortunate that some vague or inaccurate statements have gotten 
into the book. To illustrate, the author does not distinguish between the 
raw materials of green plants and their food. The discussion of the 
process of osmosis is posh ws mi to say the least. Plasmolysis is not the 
opposite of osmosis, as the text states, but it is a case of osmosis. It 
would be better to omit the discussion of a biological principle than to 
treat it inadequately, or in a way that will lead to wrong impressions. 

Jerome Isenbarger. 

Plane and Spherical Trigonometry, by J. Shibli, The Pennsylvania State 
College. Pages xii+217+93. 15x21 em. 1928. $1.96. Ginn and 
Company, 15 Ashburton Place, Boston 
This book is designed for students of some maturity. It aims to pro- 

vide material for a course in trigonometry that is as thorough as any 

given in the best schools. In order to make the subject human and con- 
crete, the author has given many historical references and has applied 
the theory to numerous problems arising in various fields. 

There are cumulative reviews placed at appropriate intervals. There 
is an abundance of problems which provide material to take care of the 
individual differences of students. There are nine excellent tables of 
which four are four-place and five-place tables of the trigonometric 
and logarithmic functions. J. M. Kinney. 
Plane Trigonometry, by Carl A. Garabedian and Jean Winston, The Uni- 

versity of Cincinnati. Pages xvii+306. 15x21 em. 1929. $2.25. 

McGraw-Hill Book Company, Ine., 370 Seventh Ave., New York. 

Here is a book that commands attention because of a diction and 
style of exposition that is unsurpassed among text-books of trigonometry. 
Statements and topics which are considered important are set out in such 
form that the sialon has no trouble in seeing that they are important 

There are many special features that deserve notice: 

(1) The first chapter opens with a discussion of the general angle and 
the trigonometric functions. ‘‘Lost motion’’ is avoided by introducing 
the general definitions at the beginning. 

(2) The functions are not defined in terms of coordinates at the begin- 
ning, but with respect to a reference angle and a reference right triangle. 

(3) There is a thorough treatment of computation with approximate 
data. Consistency is maintained in the eumber of significant figures in 
the data for any particular problem. Sometimes, however, the number 
of significant figures retained in the data is not consistent with common 
sense. 

For example, on page 165, Problem 19, we find that the height of a cliff 
is 456.43 feet while the angles of depression of two boats are expressed 
correctly to the second! 

(4) There is an excellent chapter on graphs. 

(5) There are eight full-page two-color charts of curves. 

J. M. Kinney 
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ever, been simplified in their adjustments so as to give the greatest prac- 
tical usefulness in class room and student laboratory work. 

If the purchase of class room microscopes is anticipated, ask for our 
literature and estimate; we satisfy the most discriminating requirements 
and through the use of Leitz College Microscopes, institutions will realize 
the importance of superior quality. 


ASK FOR PAMPHLET NO. (SS) 1125 
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60 East 10th St. New York, N. Y. 
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The Supervision of Secondary Subjects, edited by Willis L. Uht, Professor 
of Education and Dean of the School of Education in the University 
of Washington. Cloth. Pages xvi+673. 12.5x18.5 em. 1929.  D. 
Appleton and Company, New York. 

The primary purpose of this book is to assist supervisors of secondary 
school subjec ts ~ giving specifie information both in the general princi- 
ples governing wg ee problems and in their application to the 
supervision of each department of instruction. While the discussion of 
each department is the work of a specialist in that branch and may be 
used by teachers and supervisors of that subject entirely independent 
of the remainder of the book, yet there is an unusual degree of coherence 
and unity, which is probably due to careful planning and a good job 
of editing. 

The attention of the readers of this journal is directed especially to 
those chapters relating to mathematics and science. The first chapter, 
written by the editor, is of general interest to all. It discusses the funda- 
mental considerations for supervisors, objectives of subjects, learning 
procedures, standards of achievement, the measurement of accomplish- 
ment, ete. The last chapter, also written by Professor Uhl and headed 
‘The Cooperative Character of Departmental Supervision,”’ is of general 
interest. 

Chapter Two, The Supervision of Natural Science, was written by 
Charles J. Pieper, Assistant Professor of Education, New York University 
He discusses seven fundamental theses for the supervision of natural 
science, emphasizes the importance of formulating valid objectives, 
gives practical suggestions for organization of the course into units of 
study, shows how to select suitable pupil activities, points out important 
steps in the teaching process and gives valuable directions for measuring 
the results of teaching and of supervision. The very excellent references 
and bibliography supply the proper directions for more extensive study. 

The chapter on the Supervision of Mathematics was written by Dr. 
John R. Clark of the Lineoln Sehool, Teachers College, Columbia Uni- 
versity. Dr. Clark opens his discussion by pointing out that the busi- 
ness of supervision is improvement of instruction. He lists six reasons 
for secondary school mathematics, reviews briefly the work that has been 
done in selecting the materials of mathematics courses, and gives a help- 
ful discussion of methods of teaching and supervising mathematics in- 
struction. 

The chapter on the Supervision of a Health Program is of interest to all 
teachers. G. W. W 


The Logic of Mode rn Physics by P. W. Bridaman, Hollis Professor of 
Mathematics and Natural History, Harvard New York, The Mae- 
millan Company. 1927. pp. xiv+228. Price $2.50 
The Logic of Modern Physics is a book on fundamental criticism and, 

as such, fills a great need and has a definite place in the current scientific 

and philosophical literature. In recent years a great number of scientific 
and semi-scientific books have been published dealing with various, but 
rather restricted, phases of the development of physical science, but very 
few in which an attempt was made to give a comprehensive critique of 
all physics. Perhaps the great number of new physical facts and the 
consequent rapid changes in physical theories makes a critique of physies 

a rather adventurous undertaking at this time, but none the less the need 

for revision of fundamental physical concepts becomes more acute. Mr. 

Bridgman’s work has the breadth and beauty of style of the works of 

Poineare and, although he admits that he has not read the works of that 

great master for many years, we cannot but feel that he has left an indeli- 

ble impress upon the author. 

His book is divided into four chapters, each comprised of a number of 
units. The first and second chapters are devoted to a general considera- 
tion of the physical concepts on the basis of his definition of concept, 
which definition constitutes undoubtedly his fundamental thesis. He 
states, ‘‘In general, we mean by any concept nothing more than a set of 
operations; the concept is synonymous with the corresponding set of opera- 



































Why Maryland University’ s Chemistry 
Building i is Equipped with 


Because it has proven itself to be the very best laboratory equipment for 
college laboratory instruction, Maryland University has equipped its New 
Chemistry Building with Kewaunee Laboratory Furniture. 

In practically all of the leading Universities of the country you will find 
Kewaunee equipped Laboratories. Yale Medical College, University of 
Pennsylvania, Dartmouth University, University of Virginia Medical Col- 
lege, University of West Virginia, University of Wisconsin, Chicago Univer- 
sity, University of New Hampshire, and a iong list of other important Univer- 
sities and institutions of learning have equipped their laboratories with Ke- 
waunee Laboratory Furniture. 

The fact that Kewaunee Furniture has won the ap- 
proval of the leading schools of the country is proof 
enough that Kewaunee Laboratory Furniture is best 
suited fer the modern laboratory. 

We invite correspondence from anyone 
interested in selecting equipment for 
Laboratory use. We have over 5600 
standardized pieces from which to select. 
Write direct to our factory at Kewaunee. 
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14 E. Jackson Blvd. 70 Fifth Avenue This design is practical for use as a student's 
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tions.’ This definition of concept is at once powerful and suggestive 
since, as he points out, the true meaning of a term is to be found in 
observing what a man does with it, not by what he says about it. 
Einstein’s contribution in changing our attitude towards concepts, the 
relative character of knowledge, meaningless questions, models and 
constructs, to mention only a few, are some of the topics discussed in the 
first two chapters. 

In the third chapter Mr. Bridgman makes a detailed study of various 
concepts of Physics, such as the concepts of space, time, causality, rela- 
tivity, quantum, ete. This chapter, because of its rather technical 
character, will appeal much more to a physicist than to a pure philoso- 
pher. The discussion of various concepts mentioned above is done 
systematically and with thoroughness. In connection with the quantum 
concept, his discussion of the discontinuity of space and time from the 
operational standpoint is very illuminating. He concludes that we may 
have phenomena discontinuous in space and time, but not discontinuous 
space or time; discontinuous space or time is meaningless, and that if the 
usual concept of space and time cannot be used in describing ultimate 
quantum phenomena, this must be explained by the fact that the number 
of operationally independent concepts in the quantum level is either 
greater or less than on the ordinary level. In connection with the causal- 
ity coneept he touches slightly the question of the dependence of the laws 
of nature on time. This question seems to him meaningless and he rele- 
gates it to the same class as Clifford’s question concerning the changes of 
the absolute scale of magnitude while the solar system travels through 
space. I think this question of the evolution of laws of nature, first asked 
by Boutroux and discussed in detail by Poineare (Derniéres Pensées) 
demands further investigation, especially from the operational point of 
view. 

In his last ch: apter, “Special Views of Nature,” he discusses certain 
special hypotheses about the structure of nature and his topie on the 
simplicity of nature and determinism contains elements of equally great 
interest, both for the physicist and the pure philosopher 

In conclusion I want to add that Mr. Bridgman’s work has all the 
qualities which make it a valuable addition to the works of Mach, Duhem, 
Poincare, Enrique and other natural philosophers. 

Ph. A. Constantinides 


Modern Algebra. First Course, by Raleigh Schorking and John R. Clark 
Pages vili+391. 

Modern Algebra. Second Course, by Raleigh Schorling, John R. Clark, and 
Selma A. Lindeil. Pages xvi+464. 14.5x19.5 em 1929 World 
Book Company, Yonkers-on-Hudson, New York. 

There is perhaps no notion so fundamental in mathematies and science 
as that of relationship between variables or, in a word, functionality. 
This fact has been pointed out by the National Committee on the Reor- 
ganization of Secondary Mathematics and set forth as the underlying 
principle about which a course in secondary algebra should be organized. 
One whole chapter in the report of the Committee is devoted to this 
thesis. 

Since the publication of this report writers of secondary algebra. text- 
books have, in more or less degree, tried to incorporate this notion in their 
books. The large majority of them, however, have failed to catch the 
spirit of the report. 

In the two algebras under review we find that these well-known auth- 
ors have truly followed the suggestion of the Committee in regard to 
this matter. In the First Course Chapters I and XI are rich in material 
which is designed to build the function concept in the mind of the pupil 
In the Second Course a part of Chapter I and all of Chapter II are de- 
voted to this purpose. 

In the First Course we note the following special features: 

(1) Tables of related quantities, the graph, and the formula are used 
to set forth the notion of functionality. 

(2) The introduction of the elementary notions of trigonometry. 
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BROOKLYN BOTANIC GARDEN 
MEMOIRS 


Volume I: 33 contributions by various authors on genetics, pathology, 
mycology, physiology, ecology, plant geography, and systematic botany. 
Price, $3.50 plus postage. 

Volume II: The vegetation of Long Island. Part I. The vegetation 
of Montauk, etc. By Norman Taylor. Pub. 1923. 108 pp. Price, $1.00. 

Vol. III: The vegetation of Mt. Desert Island, Maine, and its environ- 
ment. By Barrington Moore and Norman Taylor. 151 pp., 27 text-figs., 
vegetation map in colors. June 10, 1927. Price, $1.60. 


AMERICAN JOURNAL OF BOTANY 


Devoted to All Branches of Botanical Science 
Established 1914. Monthly, except August and September. Official 
Publication of the Botanical Society of America. Subscription, $7 a 
year for complete volumes (Jan. to Dec.). Parts of volumes at the single 
number rate. Volumes 1-15 complete, as available, $122. Single num- 
bers, $1.00 each, post free. Prices of odd volumes on request. Foreign 


postage: 40 cents. 


ECOLOGY 


All Forms of Life in Relation to Environment 


Established 1920. Quarterly. Official Publication of the Ecological 
Society of America. Subscription, $4 a year for complete voiumes (Jan. 
to Dec.). Parts of volumes at the single number rate. Back volumes, as 
available, $5 each. Single numbers, $1.25 post free. Foreign postage: 


20 cents. 


GENETICS 


A Periodical Record of Investigations bearing on 
Heredity and Variation 


Established 1916. Bimonthly. 

Subscription, $6 a year for complete volumes (Jan. to Dec.). Parts of 
volumes at the single number rate. Single numbers, $1.25 post free. 
Back volumes, as available, $7 each. Foreign Postage: 50 cents. 


Orders should be placed with 


The Secretary, Brooklyn Botanic Garden, 
BROOKLYN, N. Y., U.S. A. 
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3) Mechanical manipulation is reduced as compared with the majority 
of standard texts. 

(4) There is a close correlation of algebra with arithmetic 

(5) Supplementary topies such as Statistics and Computation with 
Approximate Numbers are included. 

(6) Some of the Rugg-Clark standardized tests are included 

(7) There are instructional tests constructed for three levels of ability. 

Many of these features are carried into the second course. There 
are additional features in this course, however, which should be men- 
tioned. 

(1) At intervals we find units entitled “Just for Fun’ and Historiea] 
Notes written in interesting story form, which should add much to the 
interest of the student. 

(2) There is an Introduction which includes an adaptation from a very 
interesting paper written by Professor Louis C. Karpinski on Methods 
and Aims of Mathematical Science. 

(3) There are topics enough for a course covering one school year. 

J. M. Kinney 
Descriptive Geometry, by Harvey Herbert Jordan and Francis Marion 

Porter, The University of Illinois. Pages xi+349. 15.5x23.5 em 1929 

$3.00. Ginn and Company, 15 Ashburton Place, Boston 

This text presents the conventional method of teaching Descriptive 
Geometry alongside the auxiliary-plane method. The book is a beauti- 
ful piece of work. J. M. Kinney 
A History of Mathematical Notations, by Florian Cajori, Ph. D., Profes- 

sor of the History of Mathematics, University of California. \ olume I 

Pages xvi+451. 17x24 em 1928. $6.00 Volume II Pages 

xvii+367. 17x24 em 1929. $6.00. Open Court Publishing Com- 

pany, Chicago 

“Tn this history it has been an aim to give not only the first appearance 
of a symbol and its origin (whenever possible), but also to indicate the 
competition encountered and the spread of the symbol among writers in 
different countries.’ The thoroughness with which this program has 
been carried through can best be realized by an inspection of these two 
volumes. 

The first volume deals with the history of notations of elementary 
mathematics. It is therefore of special interest to teachers of elementary 
mathematies and to high school students of mathematics. The second 
volume deals with the history of notations of advanced mathematics 
and is therefore of special interest to college teachers and college students 

The first volume treats of the following topies: 

Numeral Symbols and Combinations of Symbols. 

Symbols in Arithmetic and Algebra (Elementary Part). 

This is discussed in two parts: A. Groups of Symbols used by In- 
dividual Writers; B. Topical Survey of the Ise of Notations 

Symbols in Geometry (Elementary 

A. Ordinary Elementary Geometry; B. Past Struggles between 
Symbolists and Rhetoricians in Elementary Geometry 

There are 106 illustrations 

The second volume treats of the following topes: 

Topieal Survey of Symbols in Arithmetie and Algebra (Advanced 
Part). 

Symbols in Modern Analysis 

Symbols in Geometry (Advanced Part 

The Teachings of History 

The Open Court Publishing Company deserves the thanks of all 
teachers of mathematies for this notable work of Professor Cajori 

J. M. Kinney 


Ide ntification and Properti« of the Common Metals and Non-Metals, by 
J.E. Belcher and J.C. Colbert, Assistant Profe ssors of Chemistry in the 
University of Oklahoma First edition Pages x+ 246. 21x27.5xl 
em. 17 figures. Flexible paper board cover with cloth back. Jan., 


1919. $1.75. The Century Co 
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This is a complete laboratory manual and note book combined. It is 
designed to be used with the Smith-Kendall “General Chemistry” and 
has frequent references to that text, but it may be used to advantage by 
any college class in general chemistry. It contains a section of elementary 
organic experiments. Part II is preparatory to a study of qualitative 
analysis and is designed to be used in those colleges which ious the 
latter part of the year after general chemistry to preliminary qualitative 
analysis 

The experiments are designed to be completed in the usual three hour 
period of laboratory work. There are numerous leading questions to be 
answered with each experiment and a goodly number of problems and 
equations are called for. One of the most striking features of this manual 
is the very attractive style of presentation of each subject, the language 
form is excellent and the subject matter is made interesting. Any student 
who follows out this course conscientiously will have made a fine start 
toward a thorough comprehension of the subject of general chemistry 
with the accompanying physical chemistry and will also have made a good 
beginning in qualitative analysis. College professors of first year chem- 
istry should see this new manual. fe ee 


NEW SUGAR. 

Something new under the sun, a form of sugar that does not occur in 
nature, has been artificially put together by Edna Montgomery and Dr. 
C. S. Hudson, of the U. 8S. Public Health Service. Miss Montgomery 
and Dr. Hudson used common milk sugar as their raw material, and by 
treatment in an alkaline medium obtained a substance analogous in 
structure with common table sugar, but having a different chemical 
nature. They call their new product lactoketose. 

At the same session Dr. Hudson and Eugene Pacsu, a Fellow of the 
International Education Board, announced that they had succeeded in 
crystallizing turanose, a rare sugar which has never before been secured 
in a wholly pure form.—wScience News-Letter 


AIDS FOR THE TEACHING OF SCIENCE 
By J. H. Jensen, Northern Normal and Industrial School, 
Aberdeen, So. Da’. 
THE EYE SIGHT CONSERVATION COUNCIL, Mr. Guy A. Henry, 
General Director, New York City 

Folders: E-101—Conservation of Sight 10 for .34 
E-110—The Responsibility of a Teacher 25 for .14 

E-35—Glare and Its Relation to Eyesight 


Conservation 25 for .14 
EK R 69—Light, Sight and Safety 10 for .20 
E R 90—Light in the Home 10 for 20 
Bulletins: No. 2—Eye Sight Conservation Day in 
Schools OS 
No. 6—School Lighting as a Factor in Saving 
Light 16 
Posters: E-202— Poster ‘‘Protect Your Eyes” 10 for .10 
Vision Charts: E-109—Vision Chart for Schools .O8 
Ek-109 VN—Near Test Card 05 
(Complete set of posters to date) .28 


GEORGE PEABODY COLLEGE FOR TEACHERS, Dr. Hanor A. 
Webb, Nashville, Tenn. 
Booklet: The High School Science Library 25 
(List of Reference Books for Science) 
THE B. F. GOODRICH RUBBER CO., Akron, Ohio 
Material On: Rubber 
Pamphlets: A Wonerd Book of Rubber Free 
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BLASTING CAP. 
By Dorotuy Bowen, 
Arnold Avenue School, Grade 5D, 17 Wilson Ave., Amsterdam, New York. 

I am a giant, not a giant in size but in strength. Like all giants, if I 
am not treated right, and am not used for the things for which I was 
made, I became very angry. I take my revenge on those who molest 
me and do not let me rest. 

I was created to do a very great and useful work upon the earth. I 
am very proud of my strength. To those who know how to use me and 
how to treat me kindly, I am a very obedient servant. I help in the 
mines to make it possible for you to have coal. I help in the quarries so 
that you can have stone for your roads and houses. I help in the lumber 
camps and on the farms. I have helped to win many battles, so you see I 
am useful to those who are my friends. But, I have blown the eyes out 
of little boys’ and girls’ heads. I have blown off their hands. I have 
killed several children at once. I will do even worse than this if boys and 
girls do not leave me alone and let me rest. My revenge is sure. 

In order that you will know me when you see me and will not molest 
me, I will tell you what I look like. I am made of brass. I measure 
about three fourths of an inch in width and about one and a half inches in 
length. My full name is Blasting Cap. If you ever see me lying any 
place at all, do not touch me, asI want to sleep. If you do, I may blow 
you to pieces. My word is law and must be obeyed. 


NEW ‘‘MIKE’’ HAS NO DIAPHRAGM. 

A new type of microphone, in which nothing moves except the sound 
waves of the speaker’s voice, may eventually confront broadcasters and 
public speakers. The new invention, still in the experimental stage but 
regarded as promising, was described by Prof. Arthur L. Foley of Indiana 
University. 

One of the favorite types of ‘‘mikes’’ in present use is what is known as 
the condenser microphone. In this a thin diaphragm of metal is hung in 
front of a metal plate, with an air space separating them. Electrical 
charges accumulate on both diaphragm and plate, and as the diaphragm 
is pushed and pulled a minute fraction of an inch by each sound wave, 
its approach and recession causes a fluttering in the electrical charge of 
the plate opposite. These electrical flutterings, amplified and cast into 
the ether, are picked up and translated back into sound by the receivers’ 
radio sets. 

The difficulty with any microphone employing a diaphragm is that the 
diaphragm does not vibrate faithfully according to the speaker’s voice or 
the player’s instrument. The diaphragm has a vibration period of its own, 
which it constantly tends to fall into, thus distorting the sound it is sup- 
posed to be transmitting most faithfully. 

Prof. Foley’s microphone has no diaphragm at all, but instead solid metal 
plates with the usual air space between them. The sound waves of the 
speaker’s voice are directed between these plates, causing alternating 
condensations and rarefactions of the air. Since the air is acting as @ 
dielectric or insulator between the plates, these rapid changes in its 
density permit corresponding electrical surges to cross the space. This 
sets up the electrical flutter that is needed to carry the sound waves out 
into the ether as radio waves. 

Professor Foley stated that his invention is still far from the stage 
where it will begin to be seen in studios. At present it lacks the sensi- 
tivity of the microphones in commercial use. But, he added, the new 
microphone is as good now as the present types were a few years ago, 
and he and his graduate students are working out improvements. 

To protect the device from premature exploitation, a patent has been 
applied for.—Science News-Letter. 
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A NEW JOURNAL OF PHYSICS 
THE PHYSICAL REVIEW SUPPLEMENT 


Issued Quarterly by the 
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and devoted to 


STUDIES IN CONTEMPORARY PHYSICS 


Contents of First Issue, July 1, 1929 


Values of the General Physical Constants.........00000000 oc. R. T. Birge 
Statistical Theories of Matter, Radiation and Electricity... .K. K. Darrow 
Evidences for the Corpuscular Character of Radiation.....A. H. Compton 
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university teachers of Physics and Chemistry. They will be written so 
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reliable view of those things which make contemporary Physics so 
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